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D I S C U S S I O N ON " FACTORS INVOLVED IN M O T O R A P P L I C A T I O N , " 
( R U S H M O R E ) , C L E V E L A N D , O H I O , M A R C H 19, 1915. ( S E E 
P R O C E E D I N G S FOR M A R C H , 1915). 

{Subject to final revision for the Transactions). 

T H E FACTORS INVOLVED IN MOTOR APPLICATION, WITH PAR
TICULAR REFERENCE TO THE RUBBER INDUSTRY 

A. P. Lewis: Within the last five years the impetus received 
by the rubber industry has necessitated special motor applica
tions to facilitate production. The first installations, however, 
developed the fact that there were several conditions to be met 
which differentiated the drives from certain standards assumed. 

Not less than 75 per cent of the total energy in the form of 
mechanical motion is utilized in the treatment of the crude 
material before it reaches a condition where manipulation is 
dependent upon the product. It might be inferred, therefore, 
that the engineer would encounter his major problems in these 
stages of the manufacture, and such is the case. 

There are three kinds of machines for advancing the process 
which require special motor applications, viz., washers, mixing 
and warming mills, and calenders. While the functions of the 
washers and mills are not the same, their design and load char
acteristics are similar and may, therefore, be merged when con
sidering driving units. 

A brief digression may not be inopportune to acquaint those 
unfamiliar with the action of these machines. 

All wild rubbers have foreign matter in them held in physical 
suspension. It is the work of the washer to remove this. The 
machine consists of two end housings, and journals which 
carry two rolls in a horizontal plane, whose surfaces are riffled, 
and which are turned at different surface speeds. The rubber, 
in pieces, is passed between the rolls, while water is played on 
it, and the tearing action soon liberates the dirt, which is washed 
out. These machines are always operated at a constant speed. 

After the rubber has been thoroughly dried, it has to be 
mixed with sulphur and other ingredients to give the vulcanized 
product the qualities desired. This mixing is accomplished on 
a mill which is much like a washer, but of larger proportions, 
and with smooth rolls. These mixing mills are also operated 
at a constant speed. 

Following the seasoning period, it becomes necessary to either 
sheet the rubber out in a variety of ways, or to apply it to 
fabric. This is done on a calender, which usually consists of 
three or four superimposed rolls, which may be run at the same 
or different surface speeds by means of end roll pinions. These 
rolls are capable of very fine adjustment. The ability to vary 
the speed plays a very important part in the efficient working 
of the rubber calender. 

With this brief digression concluded, it may be noted that 
the principal motor applications simmer down to two in number, 
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one for constant speed, the other for adjustable speed, but 
both for heavy duty. 

Reference may now be made to Mr. Rushmore's complete 
synopsis by number, with reference to design of the mill or 
washer driving unit. 

1. Alternating or Direct Current Available? We will assume 
that alternating current is available, as it is the logical system 
to use for several reasons. 

(a) Over 60 per cent of the electrical energy is transformed 
to mechanical motion by constant speed motors. 

(b) Central station energy may be utilized with minimum 
loss. 

(c) Large blocks of power may be transmitted efficiently. 
(d) First cost and maintenance of the system is lower. 
2. Voltage and Frequency. The potential should not be less 

than 440 volts in the system, and 2200 volts may be advisable, 
stepping down, if necessary for building or departmental dis
tribution. A standard frequency of 60 cycles, should, I believe, 
be rigidly adhered to. Some few years ago there may have 
been arguments in favor of 25 or 30 cycle systems in plants 
using synchronous converters, due to their superior operating 
characteristics at low frequencies. The advance of the art 
has remanded those arguments. 

3. Capacity of Generating Station and Line. This particular 
feature will vary with each instance, and need not be elaborated 
on. As in nearly all industrial applications, the generating 
station may be assumed to be working at or near capacity, and 
therefore starting currents for large motors are limited. 

4. Description of Machine to be Driven. The function and 
brief description of washers and mills has already been pre
sented. They are direct connected to a line shaft turning from 
80 to 100 revolutions per minute, and the mode of operation is 
such as to require motors designed for continuous service. The 
speed of the mills or washers is limited by two features, first, 
by the action of the rolls on the rubber and the ability of the 
operator to handle the stock properly, and secondly by the 
mechanical limitations of excessive wear and vibration. High 
speed on rubber machines, as designed today, is of question
able value, as maintenance costs rise out of all proportion to 
the product passed. 

5. Method of Drive. The individual drive for rubber machines 
of the class being discussed should not be considered where 
avoidable. The very apparent reasons are ones of first cost, 
floor space, and motor efficiency. On the other hand, too wide 
a limit must not be exceeded in a group drive, or maintenance 
cost will go up. I believe that the most economical rubber 
mill drive contemplates the use of not over eight mills per 
motor, with preferably six. With this number, the drive shaft 
length is restricted, distortion is negligible, and with properly 
designed mechanical appliances, repair costs are practically nil. 
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All troubles on mill drives with which I am familiar may be traced 
back to mechanical deficiencies, excessive vibration, mis-align
ment, shaft-whipping, or eccentricities, all of which act cum
ulatively, and revert to the motor with disastrous results. I 
mention these points to impress the close relation between 
mechanical and electrical problems. 

The low speed of the line shaft necessitates a reducing mem
ber from the motor. Belts are precluded, but motors may be 
connected through a suitable clutch or coupling to the high
speed member of a chain or gear reduction. I am inclined 
to favor a flexible coupling on the motor shaft in combination 
with a suitable drum to which a mechanical brake may be applied. 
This avoids one piece of apparatus, subject to repair or in
spection, and the brake effects a safety device for quick stop
ping. The use of chain or gears is optional. The chain, no 
doubt, has a good point in relieving the pinion shaft of heavy 
impact, but it will probably exceed the gears in first cost and 
space occupied. The gears, if used, should be in a self-contained 
unit, held in rigid alignment, and operating in oil. I mention 
these mechanical features as the satisfactory operation of the 
motor depends largely on the proper design and installation 
of the driven machinery. 

6. Load Conditions. I have previously stated that individual 
drives should be avoided. The method of operating mills is 
such that the load is variable in the extreme, and machines 
should be grouped to take advantage of the diversity factor. 
Figures will illustrate this effect. A 22 inch by 60 inch mill 
for individual drive will require, in most cases, a 100-h.p. motor, 
but when grouping these mills, we can readily reduce the total 
average consumption of a mill to from 55 to 65 h.p. The aver
age graph from a group of mills will show a minimum load of 
50 per cent of the average, and peaks of from 150 to 175 per 
cent of the average. These figures are merely illustrative. 
The peaks are apt to be prolonged, and must, therefore, be 
provided for in pull-out torque design. Their heating effect 
is inconsiderable. The use of a flywheel may be of decided 
advantage in some cases, but is not generally used. I believe 
its general adaptation might be advantageous. 

7. Starting Conditions. The cumbersome design of the ma
chines in question is such as to effect an extreme condition in 
starting. This is especially true after periods of shut-down, 
when the lubricants become more or less disseminated. Mill 
motors are not started frequently, but provision must be 
made for quick stopping of the machines, reversal of the motor, 
and starting the machines again in the opposite direction. 
This brings up again my line of argument in favor of phase-
wound motors, .mechanically connected to the driving unit 
with a flexible coupling. I t is obvious that this unit can be 
disconnected from the line, mechanically braked, phases re
versed, and started, in much less time than a motor which is 
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clutch-connected, and must be disconnected from the line by 
hand and the momentum allowed to decrease before reversing 
and starting up. Furthermore, the latter motor must be up 
to speed before the line is actually reversed, by throwing in 
the clutch. As a safety precaution, moments count, as the 
heat of the rolls is very harmful to the operator, who may be 
caught, and in fact, it is apt to cause more trouble than the 
crushing. 

8. Speed. The low speed of the line shaft is such as to have 
led the engineers to adopt motors whose synchronous speed 
has, as a rule, not been over 600 revolutions per minute. The 
size of motors usually employed at this speed is such as to in
sure rigid construction, usually with pedestal bearings; vibra
tion is a minimum, and speed reduction on the order of 6 to 1. 
Moreover, it is my opinion that the increased diameter of the 
slow speed rotor, together with its weight, gives more flywheel 
effect than the higher speed rotor, with decreased weight and 
diameter. I have no figures at hand which substantiate this, 
however, it can be easily checked. 

9. Control. The control will differ with the type of motor, 
but several features are obviously required. No automatic 
controls are necessary, and would only require a comparatively 
high investment and upkeep. The starting equipments must 
be as near fool-proof as possible, as they are to be operated 
by inexperienced employees. The primary switch should in 
all cases include no-voltage release, and inverse time limit 
relays. The former is connected to the safety bar over the 
mills by a suitable means, as is also the tripping mechanism for 
the brake or clutch. Phase reversal is accomplished by means 
of a knife or oil switch, conveniently located near the starting 
apparatus. 

10. Conditions of Location. Conditions surrounding the motors 
in the plant are not of the best. The principal troubles are 
occasioned by two things; the chemical union of the sulphur 
dust with exposed copper, and the clogging action of the dust, 
which penetrates the most obscure places. These two con
ditions suggest the following precautions : to avoid the exposed 
contact, and provide dust-proof bearings. Here again, the 
engineer's personal decision leads him to adopt the lesser of 
two evils. I believe in the judicious use of exposed contacts, 
as they are superior to oil break switches for use in starting 
large motors. I refer particularly to primary and secondary 
starting apparatus for slip ring induction motors. The dust 
acts in several ways, to clog oil rings, to gather in windings, 
and prevent heat dissemination, due to the high specific heat 
of the soaps tone, to bind brushes in holders, and to prevent cam 
and plunger action on circuit breakers, etc. These troubles 
are obviated by inspections, and the careful use of air blowing. 

I will attempt to summarize briefly the main points to be 
considered in the design of a mill drive. Avoid the use of direct 
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current. Group mills in units of from four to eight. Provide 
flexible couplings between reducing member and main shaft 
and install a reducing member of liberal proportions, self-con
tained, with bearings accurate, and rigidly aligned. Install 
the most efficient coupling between the driven member and the 
motor which can be obtained. Avoid the arbitrary use of the 
horse power per inch of roll rule, which may be misleading. 
No blanket rules are available for horse power consumption. 
Provide means of disconnecting motor for starting if of the squir
rel cage type, or use slip-ring motor if direct connected through 
coupling. Starting equipment should include overload and 
no-voltage releases, together with inverse time limit relays, the 
former being operated by the safety bar of the mill. 

I will now present the several conditions affecting the design 
of calender drives. 

It is practically true that all rubber stocks not being used 
in molded goods or tube machines are calendered. Except in 
cases where impressions are to be made, the rolls are ground 
smooth, slightly crowned to provide for spring, and with an 
adjustment which allows the operator to gauge the product with 
an accuracy of less than the one-thousandth part of an inch. 
Slow speed in calender work is necessary during the threading-
in process, and until the gauge is accurately established, after 
which, economy dictates as high a speed as the stock will per
mit. This speed is limited by the heat generated, which affects 
the physical and chemical characteristics of the rubber base 
and ingredients of the compound. Slight variations in speed 
affect the gauge materially, hence good regulation is of prime 
importance. The torque required varies with the width, thick
ness and kind of stock being treated, while the horse power 
required varies approximately with the speed. The torque 
and speed, however, are so inter-related that the resulting 
horse powers are not of as extreme variation as might be ex
pected. The usual maximum is about four times the minimum; 
this statement referring both to operating speeds and horse 
ppwers. 

From an analysis of the previous description, it will be seen 
that variable speed motors are of unquestionable value, also 
that the degree of variation depends entirely upon the class 
of goods worked. Hence, plants differ widely in their calender 
motor requirements. 

Value of a calender drive, as in all industrial applications, 
is a function of production. This involves a fine degree of 
speed control, good regulation, convenience of manipulation, and 
continuity of service. Fine speed control results in careful 
threading-in and later enables the operator to work the stocks 
to the limit in speed, under which speed, labor is inefficient, 
and over which, stock may be spoiled. Good regulation re
sults in pre-determined gauge, and this, in turn, in economical 
production, as all rubber of heavy gauge is lost in vulcaniza-
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tion, and must be reclaimed. Continuity of service affects 
the smaller plants principally, where daily output may be con
fined to a few machines. The use of direct-current motors 
undoubtedly combines in a greater degree the advantages above 
enumerated than any alternating-current system of practical 
application. 

I will now touch upon the points tabulated by Mr. Rush-
more with reference to motor drive for calenders. 

1. Alternating or Direct Current Available? Both alternating 
and direct current drives are in use in rubber plants and both 
have their advantages. Assuming an alternating current sup
ply, in a plant producing mechanical goods of a comparatively 
low grade stock, it is unquestionably correct to install a multi-
speed induction motor, possibly in conjunction with a two-
speed gear unit, and clutch, thereby avoiding the losses, com
plications and investment of the more comprehensive direct 
current system. The stocks referred to as* mechanical are 
usually worked with slow speeds, and do not differ materially 
in characteristics, so that the engineer can readily find four 
speeds which will provide all that is desired in the way of max
imum production. I am firmly convinced, however, that the 
conditions as outlined are the only ones which warrant the use 
of an alternating current drive. 

Recent installations have been made including squirrel cage 
induction motors with multi-polar windings, and provisions for 
changing the frequency of the system which result in from four 
to six distinct speeds. Aside from engineering complications 
in design of automatic switch operation, I believe that the 
successful running of the calender for maximum product is 
seriously handicapped. The maximum speed at which a stock 
may be run may fall between two speeds available, and as the 
stock must be worked at the lower speed, machine efficiency 
may readily be on the order of 80 or 90 per cent. I will omit 
further discussion of alternating-current systems, and continue 
my subject matter, assuming a direct-current supply, prefer
ably the three-wire, 110-220-volt, system. 

3. Capacity of Generating Station and Line. The variable na
ture of the calender load necessitates the use of time limit relays 
in order to obtain an average load approximating that of the 
generating equipment. A generator of say five hundred kw. 
capacity may readily have peaks of over 750 kw. impressed 
upon it for short periods, while the average load may be fluctu
ating around 300 kw. Hence the use of the relay. 

4. Description of Machine, etc. Calender motors, should, I 
believe, be rated for continuous service, but standard heat guar
antees will suffice. The work is more or less intermittent, to 
be sure, but the periods of stop are short, and in many cases 
negligible. Machines cannot be handled to avoid simultaneous 
operation, but with the three-wire system, machines on the 
same class of work are staggered with reference to their start-
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ing connections, and a remarkable balance is thus effected. 
On a three-wire system with which I am familiar, unbalance 
has never exceeded 30 to 40 per cent of neutral line capacity, 
and is usually very slight. 

5. Method of Drive. Individual drive is a necessity today, 
following the use of the motor, although some of the smaller 
plants operate from line shafts driven at constant speed. The 
usual installation today includes the motor rigidly constructed 
for mill service, which may be connected to a flexible coupling 
or clutch and to the speed reducing member of the calender. 
Here, as in the mill drive, mechanical design is of prime im
portance, and all vibration should be provided against. The 
use of the clutch provides adequate means for insuring a quick 
stop, while the engineer adopting the flexible coupling must 
provide dynamic braking devices on the control panels. 

6. Load Conditions. There are several salient variables af
fecting the load conditions of the calender; size of machine, 
speed, gauge and specific gravity of stock being among the 
most important. It will, therefore, be seen that rules for 
motor sizes are special in every case. There is a more or less 
definite cycle duty, but it will not modify my previous state
ment for a motor designed for continuous duty. Variations 
in load can readily be effected by change of the variables just 
mentioned, and the engineer must entrench himself by making 
actual tests of conditions, if possible. The usual limits may 
be found by power consumption readings taken while running 
on high gravity, low speed, heavy gauge stocks, and again on 
high speed fabric frictioning. Fly-wheel effect is desirable only 
in certain cases where passes of stock are made which are com
parable to rolling mill practise. These applications are few 
in number. 

7. Starting Conditions. Calender drive should certainly pro
vide convenient and ready means for starting and stopping. 
A floating stop is all that is necessary in the ordinary run, but 
in case stock or fabric wrinkles, or the operator becomes caught, 
the connecting clutch or dynamic brake switch must be so 
connected as to provide instantaneous stop. Starting con
ditions are quite severe, and assuming the use of the shunt-wound 
motor, it is desirable to specifiy several turns of series field 
winding to improve the torque at this period. Shut-downs 
may occur frequently with a mass of rubber being worked, 
hence it is desirable to back the machine up to avoid heavy 
starting current. An armature reversal switch is indispensable. 

8. Speed. The subject of speed has been touched upon. 
Close regulation is not only desirable but necessary; this purely 
from the standpoint that it permits of an accurate gauge. 
The questions of multi- or adjustable speed drives is mooted. 
Maximum production at lowest labor costs, and inherent stock 
conditions are certainly to be considered, and I believe conspire 
against the use of the multi-speed drive, except in the one case 
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noted in a previous paragraph. The speed range is limited by 
well established lines, these lines being local, however, for each 
plant. The minimum speed is determined by the maximum 
speed at which the operators can handle starting of the process, 
and the maximum speed is limited by the heat-resisting qualities 
of the stock, and by mechanical limitations. This range is, 
I believe, never over four to one, and should not be less than 
three to one. Economy dictates the use of a field weakening 
motor of proper design to give a reduction in speed of two to 
one, the total range being passed through by connecting the 
armature to two or more voltages in sequence. A compromise 
should be effected in multi-speed between first cost of motor 
and maintenance. By this I mean, the use of as high a speed driv
ing unit as can be utilized without encountering difficulties in 
maintenance occasioned by vibration, excessive wear of gears, 
etc. Experience has shown that motors should probably not 
exceed seven hundred and fifty to eight hundred rev. per min. 

9. Control. The engineer and manufacturer will be amply 
repaid by installing the most complete full magnetic control 
board obtainable. The process is speeded up, the operator is 
unable to harm apparatus by improper manipulation, and ef
ficiency is promoted to the finest degree. The usual installa
tion of this kind includes overload and no-voltage release re
lays and if necessary dynamic braking is accomplished by 
proper means. The controller is conveniently located by the 
calender housing, and safety bars pass the points of danger to 
the operator. 

10. Conditions of Location. The use of direct-current drives 
with the consequent exposed copper surfaces is a necessary evil. 
The action of the sulphur and fumes is such as to coat the copper 
with a high-resistance sulphide which is very troublesome, 
particularly on low-voltage relays. Soapstone dust acts as 
noted in my previous paragraph on mill motors. The time 
required for these bugbears to become evident by faulty opera
tion oξ panels is short and hence constant supervision becomes 
almost necessary. I have found it economical to provide con
stant attention to direct-current apparatus, as such a step has 
resulted in reducing electrical trouble to a negligible quantity 
and at the same time cutting maintenance costs. 

The more essential points touching the calender drive may 
be summarized in the following: 

1. Provide a direct current supply, insuring minimum losses 
to system as a whole. 

2. Potential of system should be as low as good engineering 
will permit. This insures the operation of the magnetic switches 
without undue flashing. 

3. Secure load speed tests under conditions of maximum load, 
and minimum speed, and vice versa. 

4. Restrict motor speeds for mechanical reasons. Install 
the highest developed full-automatic control panel obtainable, 
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together with all mechanical provisions possible, working for 
rigidity, elimination of vibration, etc. 

5. After installation, insure satisfaction by frequent inspec
tions and adjustments, to keep the system in the best of repair. 

FRICTION DRIVE 

C. W. Larson: Friction as a means for drive is practically 
eliminated in modern power requirements, This is entirely 
due to the successful application of electric motors to all kinds 
of operations and they are nearly always connected direct to 
the member or members to be driven. There are, however, 
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occasions where drive by means of friction is necessary as no 
other method has as yet been developed to take its place. 
Such a case was involved in the design of the Panama towing 
locomotives. 

I t was required that the slip device be provided to safeguard 
the tow line from parting should the strain exceed a certain 
maximum. It was also necessary that this slip device be set 
at different values from zero up to full capacity of the motors 
and not vary in friction over 5 per cent. I t will therefore be 
seen that if the friction method was to be used, a combination of 
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material must be found that would maintain a constant co
efficient of friction under all conditions, including starting from 
rest and running. 

I t was immediately realized that a metal or combination of 
metals had to be found that would give the least possible fric
tion. In conducting a series of tests using different combina
tion of metals, it was found that high friction metal would be 
out of the question. An alloy was finally selected having a 
coefficient of friction of 0.1. The results of the tests are shown 
in Fig. 1, from which it will be noted that the coefficient of 
friction of 0.1 remained practically constant, starting and 
running, whether the surfaces were lubricated or run in water. 
I wish, however, to point out that the design must be such as to 
completely carry off the heat, as a great variation in tempera
ture will upset the mechanical construction and consequently 
also affect the friction. It will therefore be understood that 
the design must be made to conform to the different conditions as 
they may present themselves in each individual case. 

EXPLOSION-PROOF MOTORS FOR USE IN GASEOUS MINES 

The term explosion-proof as applied to motors for mine work, 
according to the definition of the Bureau of Mines, refers to 
a motor enclosed by a casing, so constructed that an explosion 
of a mixture of mine gas (methane) within the motor casing 
will not be communicated to the gases surrounding the motor. 
That is, it will not cause an explosion of the mine gases. 

Explosion-proof motors can be considered of two classes: 
First, a totally enclosed class built strong enough to withstand 
a high internal pressure, and so designed that the covers on the 
necessary openings can be satisfactory maintained. Second, a 
class provided with relief openings or valves, designed to relieve 
the internal pressure of the explosion and at the same time cool 
the products of combustion discharged through them to a 
temperature that will not ignite the mine gases. 

To build a motor of the first class would be much more expen
sive than to construct one of the second class. For this reason 
attempts to design explosion proof motors have been confined 
chiefly to motors of the second class. That is to say, the de-. 
signers have largely followed the principle involved in the Davy 
safety lamp. The application of this principle to motors con
sists in causing the discharged gases to pass over or through 
metallic plates, screens or valves, which by conduction removes 
a large part of the heat from the gases. For the sake of simpli
city, these devices whether they consist of valves, layers of 
glazed metallic plates or any combination of them are termed 
protective devices. 

As the ignition temperature of mine gas (or methane) is 650 
deg. cent., it is evident that an explosion proof motor to be 
successful, should discharge the products of an internal explosion 
reduced in temperature below this figure. 
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In a successful explosion-proof motor, particular attention 
must be given to the design of the protective devices. The 
most satisfactory form of protective device is one that is capable 
of absorbing a large amount of heat. In order to do this, the 
device should be constructed of metal that is.a good conductor of 
heat. A considerable amount of metal should be used and it 
should be so disposed as to offer a large amount of heat absorbing 
surface to the flames without being itself raised to an unsafe 
temperature. The total area of protected openings from the 
wall of the motor case, should be as large as is consistent me
chanically. There are two reasons for this arrangement. First, 
it permits the addition of more heat absorbing material ; second, 
it decreases the maximum pressure developed. The lower the 
pressure, the lower the temperature of the flame and the less 
heat is passed through the cooling device in a given time. With 
low pressure, the rate of combustion is slower, consequently, 
heat absorption is facilitated. 

An explosion-proof motor of the second class has been de
signed and has been tested and approved by the Bureau of Mines 
for use in gaseous mines. 
MOTOR INSTALLATIONS FROM A SAFETY AND INSURANCE POINT 

OF VIEW 

C. A. Austrom: The application of motors in industrial plants 
has already been very thoroughly discussed from a technical 
and economic viewpoint. It remains to be considered what 
influence motor drive—whether individual or group drive—has 
from a safety and sanitary point of view and in what way it 
would affect insurance. 

In the past, the appeal made to the manufacturers by the elec
trical interests has generally been on an efficiency and cost basis 
only, and the manufacturers of electric motors have continually 
been investigating and experimenting in an effort to produce a 
machine which will do more work at less cost. 

The advocates of shaft drive for industrial machines have also 
been engaged in a similar effort to meet the competition. Neither 
side has until lately given much thought to the question of safety 
and as to which system is the least dangerous for the workmen. 

Accidents which are directly chargeable to the type of driving 
mechanism add a certain cost item to that system in the form o"f 
interruption in production, suits for damages due to accidents, 
compensation charges and higher insurance rates. These items 
should be well considered when a comparison between shaft 
drive and motor drive is made. The greater safety to the work
men and improved sanitation cannot any longer be considered 
as a side issue, but should be a strong argument by the manu
facturers in selling their machines. 

In a modern plant we do not find, as was often the case in the 
past, the haphazard method of laying out the machines on the 
floor of the factory or the shop. Efficiency and safety are 
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rapidly becoming more and more important and great attention 
is given to the location of the machines in regard to the handling 
of the product, the light, ventilation and safety of the workmen. 

The old, and still greatly used, method of driving machines 
from main shafting and countershafting is a source of danger 
which has caused many accidents and claimed a heavy toll in 
life and limb of the workers. A large percentage of fatal and 
serious accidents in industrial plants is due to this counter-
shafting with its pulleys, belts, keys, collars and more or less 
exposed set screws. The statistics of insurance companies show 
that a great number of men have lost their lives or have been 
permanently maimed by being caught by exposed set-screws or 
crushed between belts and pulleys. There are many c'ases where 
women's hair has been caught and wound around perfectly 
smooth shafts with fatal results. 

Shaft-driven machines are generally started by means of a 
tread or a lever which shifts a belt or operates a clutch. On 
machines like punch presses and shears, accidents have often 
happened by these operating devices being touched uninten
tionally, thus starting the machine and seriously injuring a man 
engaged in setting dies or adjusting shear blades. Another way 
by which the machines may be started unexpectedly is, for 
instance, a gradual creep of the belt from the loose to the fixed 
pulley, in this way suddenly starting the machine at full speed. 
The main shaft may be stopped for some reason or other and 
started up without due warning to the man, who may in this 
way be seriously injured. With individual motor drive, the 
starting switch can easily be located in such a way that an acci
dental starting of the machine would be impossible. All acci
dents of the nature referred to above could be eliminated if shaft 
driven machines were abolished in favor of motor driven 
machines. 

It may be claimed that shafting can be guarded more or less 
efficiently, but accidents will occur even with the best protection, 
and it is safest to entirely eliminate shafts and belts. 

Shafting and countershafting are usually located along the 
ceilings, and bearing^, pulleys and other accessories can only be 
reached by ladders. These various parts require frequent and 
regular attention for oiling, inspection, etc., and sometimes 
even repair work is carried out while the shaft is running. The 
regular attendants and repair men have often to work on these 
ladders in crowded and cramped positions and many serious 
accidents have happened under these conditions. Of course, 
repair work should never be permitted when the shaft is running; 
but even though the shaft is stopped, the work from a ladder is 
always hazardous, and any scaffolding erected for the purpose 
is generally put up in a hurry and in a flimsy way, making it more 
or less insecure and dangerous to the millwrights working upon it. 
Parts of a transmission line fixed in the ceiling may work loose 
and be a source of danger by falling on the men below. 
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Accident records also show many cases where men's fingers and 
hands have been seriously cut by running belts, particularly 
where the same are jointed by clips, and numerous accidents 
have occurred from the men's clothing being caught in the same 
way. This danger is particularly great where the practise of belt 
shifting by hand is permitted. 

Shafting, pulleys and belts make it difficult and dangerous to 
handle material by cranes or overhead runways, and accidents 
have often happened from such operations. This hazard is 
entirely eliminated where direct, individual motor drive is 
used, particularly if all wiring is run through conduits under the 
floors so that there is no obstruction whatever above the machines 
and in the passageways between the same. 

Belts, shafts, bearing hangers and other accessories pertain
ing to shaft driving cut off a considerable amount of light around 
the machines, making it necessary often to use artificial illumina
tion even during the day hours. With individual motor drive 
these obstructions are eliminated and the light in the room equip
ped with individually driven machines is naturally far better 
than in rooms with shaft-driven machinery. The belts not only 
intercept the direct light from the windows, but the ceiling is often 
made dark and dirty from dust and oil thrown off by belts and 
pulleys. The hangers and pulleys are generally themselves of 
a dark color, so that there is very little light reflected upon the 
machines from above. 

In a shaft-driven installation, the machines must be arranged 
in parallel lines, generally lengthwise of the building, and in 
order to economize floor space often have to be placed back to 
back, so that half of the men work in their own shadows while 
the other half face the light. Either of these conditions is trying 
to the eyes, and in the long run tires the men and impairs their 
sight. At the same time it is obvious that such conditions also 
tend to reduce the output very materially. When the machines 
must be placed in fixed positions in relation to the shafting and 
without regard to the direction of the light, and the operator 
consequently has to work in a darkened room or with continuous 
artificial light, the likelihood of accidents Is greatly increased. 
The contrast in these respects that is afforded by factories opera
ted by individual motors is quite striking. When so equipped, 
machines can be located properly, with due reference to the 
best light and the safest arrangement as to floor space. It is 
also more easy to avoid crowding, an important factor in pre
venting accidents. 

When each machine is driven by its individual direct-connected 
motor, making one self-contained unit, it is very easy for the 
manufacturers of such machines to embody in the design all the 
necessary, guards for gears or other dangerous points. When the · 
machine is purchased it carries with it all necessary safeguards 
or devices to prevent accidents to the men operating the same, 
and no further expenditure will be required to make the plant safe ' 
after such machines are once installed. 
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It is easy to understand that a factory equipped with machines 
individually motor-driven can be kept in a much neater and cleaner 
condition than a room filled with shafts and belting. Conse
quently the sanitary conditions are all in the favor of the motor 
drive. 

The safest installation that can be obtained is where all ma
chines are driven by direct-connected individual motors. Any 
machine can be readily stopped and is under the complete control 
of the operator of that machine. This eliminates the danger 
which has so often occurred in the past, of inad\^ertently start
ing the machinery when some machine was being repaired by its 
operator. 

The next best condition is where the machines are driven in 
groups of a small number of machines to the group. Naturally 
this brings up the question of introducing the hazard of belts and 
pulleys,'but by keeping the number of machines in the group to a 
maximum of say, ten, the danger of injuring the workmen by 
starting up the machinery through carelessness is eliminated to 
a great extent. Such a small group can be easily controlled in 
such a way that accidents are not likely to occur. 

In the old type of plant the machines in one room, or depart
ment, are generally belt-iriven from the main shaft, which usually 
can only be stopped by shutting down the entire plant. The 
only way in which such an installation can be safeguarded is by 
having some method of stopping all the machinery in each room 
or department by means of a friction clutch or other standard 
device, or by having each such group of machines driven by a 
motor. In this manner, if anything goes wrong in one depart
ment no time is lost through having to communicate with the 
engineer or the operator of the main engine and shafting, but 
each individual group can be separately and immediately shut 
down by a man working in that room. This method of driving 
machines is, however, not much better than running the machines 
from the main shafting, but there is a small distinction made as 
regards the insurance rates, the so-called department drive being 
considered somewhat safer. 

In addition to the factors of safety referred to above in connec
tion with motor-driven plants, the insurance interests have taken 
due notice of the improved conditions from an underwriting 
point of view, which follow the adoption of motor applications. 
The safe and dangerous conditions enumerated above have been 
carefully considered by the Workmen's Compensation Service 
Bureau in its Universal Analytic Schedule. This is adopted by 
all leading insurance companies, and credits or charges are made 
in accordance with the typ3 of drive used for industrial machines. 
The various types of installation are taken up specifically in this 
schedule and can best be illustrated by giving an example. 
Taking a machine shop having, say, twenty-five machines and 
an annual payroll of $50,000, the compensation rate for such a 
machine shop in the State of New York is at present $1.36 for 
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every $100 of payroll. The total premium in this plant would, 
therefore, be 500 by $1.36, or $680. Now suppose each one of 
these machines is driven by a direct-connected individual motor, 
for which the Universal Schedule allows a credit of 10 per cent of 
the base rate—in other words, 10 per cent of the premium. In 
this case, therefore, such an installation would give the owner a 
reduction in his insurance premium of $68,00 per annum. 

If, on the other hand, machines are driven in groups of not 
more than ten machines to each group, the schedule allows a 
credit of 7 per cent, which would mean a saving to the assured of 
$47.60 on his annual insurance premium. 

If in such a plant the machines are driven by departments, 
with proper means of disconnecting all the machines in each 
department from the main shaft by means of a clutch or other 
device, or if each department shaft is driven by its own motor, 
the credit allowed would be in proportion to the payroll of the 
plant. The amount allowed approximating ten so-called points 
per department, the value of the point depending upon the pay
roll of the plant. In this case, if all the twenty-five machines 
were in one group, the amount would be $2.50. If they were 
divided into two departmental groups of, say, twelve machines 
in one and thirteen in the other, the amount would be $5.00. 
This credit seems very small, but in comparison with the two 
previously mentioned types of installation, this last is considered 
far more hazardous by the insurance underwriters. 

The examples given above are in accordance with the rates at 
present in force in the state of New York. These rates vary some
what in different states, depending upon local legislations. If 
the state laws in the future are made more or less similar, as, for 
instance, is the case in the rules and regulations for steam boilers, 
the insurance rates will be adjusted accordingly, so as to be uni
versal for the whole country. The schedule Rating System as 
introduced by the Compensation Bureau seems at present to 
work to the satisfaction of both the assured and insurance com
panies. 

From what has been said above, it is evident that motor appli
cations in industrial installations, particularly the individual 
motor equipment for each machine, is the ideal arrangement 
from a safety, sanitary and insurance point of view. 

EXPLOSION-PROOF APPARATUS 

W. Baum: The application of electricity in fiery mines has 
attracted the attention of the engineering professions for a great 
number of years. Our present knowledge of the underlying 
principles and phenomena in connection with fire-damp explo
sions is due to the ingenious and painstaking experiments made 
abroad and in this country and to the close co-operation of 
mining and electrical engineers. 

The best precaution in the application of electricity in fiery 
mines is to install the apparatus at points where fresh air can be 
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supplied. Large pumping motors have been installed in special 
air-tight chambers which prevent, the entrance of gaseous mix
tures. Such chambers are recommended for the installation 
of'large motors which do not permit the use of special protecting 
devices. 

Hoisting machines are placed at the lower end close to the 
opening-up shaft and with this arrangement the apparatus can 
be placed in a current of fresh air and avoid the presence of fire
damp which always accumulates at the highest points of the 
workings on account of its small specific weight (0.554). 

However, the above-mentioned arrangements are not always 
possible, as fresh air ventilation often cannot be obtained. The 
problem arises to provide electrical apparatus with some sort of 
a protection which prevents puncture. In other words, if an 
explosion takes place in the interior of an electrical apparatus, 
a protective device must be employed which prevents the igni
tion of the surrounding gases. 

The classical experiments carried out conjointly by the lead
ing German electrical firms and the mine authorities in 1903, 
1904 and 1905 have remained the basis for the design of such 
protecting devices. The practical results of these tests have 
been verified in other countries and our knowledge and under
standing of the explosion characteristics has increased to such 
an extent that any opposition to the installation of electrical 
apparatus in fiery mines can be effectively met. Credit is also 
due to the investigations of the U. S. Bureau of Mines. 

Fire-damp is a mixture of air and methane, CH4. Other 
gases have been detected, for instance, ethane, free hydrogen, 
the noble gas helium and others. The explosion temperature 
of methane is 650 deg. cent, but according to English and French 
investigators, explosions must be anticipated at lower tempera
tures when ethane or other gases are present. It is, however, 
doubtful whether these gases will seriously affect the results of 
the original experiments. Theoretically, the maximum explo
sion pressure occurs with a mixture containing 9.5 per cent 
methane. Recent experiments in France have shown that the 
most violent explosion corresponds to the maximum velocity 
of propagation of inflammation. The German and American 
experimenters observed the maximum explosion pressure with 
8 per cent and 8.6 per cent respectively. 

The fundamental experiments in Germany resulted in three 
forms of constructions which have proved successful in the 
design of explosion proof apparatus, namely: 

1. Total enclosure. 
2. Laminated plate protection. 
3. Oil protection. 
Other constructions as labyrinth, flange, tube and gauze 

protection are very interesting but of no practical importance. 
with the exception, perhaps, of the latter. This gauze protec
tion, however, has the dangerous disadvantage of after-burning. 
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1. Total Enclosure. The apparatus is totally enclosed and made 
as air-tight as possible. The casings are designed to withstand the 
maximum explosion pressure of eight atmospheres. This type is 
favored in Germany by one of the large manufacturers, and for 
obvious reasons can be applied to small motors only. Large 
motors are often provided with air or water cooling features to 
maintain a minimum weight. These special features, of course, 
complicate the operation and lead to higher costs. 

2. Laminated Plate Protection: The principle of this device 
is based on the Davy lamp screen which breaks up the gases into 
small streams and permits effective cooling. The device con
sists of laminated plates fixed to the end openings or to the covers 
of the apparatus through which the gases travel and expand, 
thereby securing an additional cooling effect. The statement 
that the plate protection has given the best practical results, must 
be emphasized. The important condition is, however, that the 
plates must not exceed a distance of J mm. (0.0197 inches) and 
any deviation from this condition results in punctures as also 
shown in the experiments of the U. S. Bureau of Mines. As a 
rule, the plates are \ mm. (0.0197 inches) thick and are suitably 
protected against injuries from falling pieces. If the openings 
are not frequently and periodically cleaned, coal dust will ac
cumulate and seriously interfere with the ventilation. In case 
of an internal explosion, the coal dust will simply be blown out 
without igniting. The plates are often arranged in a frame to 
facilitate removal, cleaning and replacement. A sufficient 
number of plates must be provided to secure satisfactory cross-
sectional flow of air through the plates and with properly designed 
construction the reduction of output will be nearly the same as 
that due to alteration from an open type motor to a ventilated 
enclosed motor. An artificial increase of ventilation by means 
of a fan should be omitted as the internal pressure is raised con
siderably, according to the experiments of the Bureau of Mines. 

3. Oil Protection: Switches, controllers and other accessories 
in fiery mines must be explosion-proof and are to be protected 
against moisture, dirt and unskilled handling. 

A German company has developed controllers up to 5000 volts 
in which the contacts are completely covered by oil to prohibit 
the formation of arcs. The oil tank can be lowered by a special 
mechanism, thus permitting free access to the contacts. The 
same company has designed oil switches with maximum and no-
voltage release placed in cast-iron cases and submerged in oil. 
For underground lighting, oil switches are built on top of trans
formers, thus forming a unit. The oil-switches can be provided 
with plate protection and in such a case, there is no need of sub
merging the overload coil in oil. Whenever oil protection is 
used, it must be borne in mind that the current densities of the 

. contacts must be low enough to prevent heating of the metal 
parts, vaporization and decomposition of the oil. Of course, 
all contacts, must be completely covered by the oil, as otherwise 



1915] DISCUSSION AT CLEVELAND 2683 

flames may break through and cause ignition. The contacts 
should, therefore, be placed at the bottom of a tank of sturdy 
construction. 

New protective devices by German firms are usually sub
mitted to the mining authorities for tests and with their approval 
are put in standard production. Before shipping, however, each 
apparatus is tested in a trial station which each of the leading 
firms has provided for the purpose of testing explosion-proof 
apparatus. While the mining authorities use fire-damp obtained 
from a mine, the factory tests are taken with a mixture of air 
and approximately 15 per cent illuminating gas. These tests 
do not claim scientific importance as the nature of the explosions 
with illuminating gas are somewhat different from those with 
methane, but for the purpose of detecting undesirable gaps or 
other faults, they are entirely satisfactory. 

It is interesting to note that a great many years ago standards 
on the application of electricity in mines were adopted in foreign 
countries: in Belgium 1895, in Austria 1899, in England 1902 
and in Germany 1903. The latest standards covering the design 
of explosion-proof apparatus were adopted in 1912 by the German 
Society of Electrical Engineers (V. D. E.). As these exhaustive 
rules have done much to encourage and stimulate the design of 
such apparatus, I wish to read an English abstract translation for 
the benefit of those who are not already acquainted with them. 

REGULATIONS FOR THE CONSTRUCTION OF EXPLOSION PRO
TECTING DEVICES FOR ELECTRICAL MACHINES, 

TRANSFORMERS AND OTHER APPARATUS 

A. The Different Kinds of Protection Devices: 
I—Enclosed Casinfs: It consists of a totally enclosed casing. 

covering machines, transformers and other apparatus. For 
this enclosure the following requirements are to be met : 

(a) All parts of the casing are to be so constructed that they 
can withstand an inner pressure of eight atmospheres (113.6 1b. 
per sq. in.). Subdivisions of the enclosed interior inter-connected 
by narrow openings give rise to higher pressures and should, 
therefore, be avoided. 

(b) The joints of the assembled enclosed parts as well as the 
bearing surfaces of covers, doors and lids are to be broad, 
smoothly machined flanges. Gaskets at such places should be 
avoided as far as possible. In case gaskets are used, care should 
be taken that they cannot be forced out by explosions. Gaskets 
made of material subject to deterioration, as rubber, asbestos, 
or the like are not permitted. 

(c) The protecting means are to be extended to all passages 
through which the gases, in case of an explosion, escape from the 
interior of the casing to the outside. Shafts and operating spindles 
are to be supported in long metal bushings where they pass 
through the enclosing case and these bushings themselves are to 
be securely fastened to the casing. 



2684 MOTOR APPLICATIONS [March 19 

The bushings for electric wires are to be tightly packed in such 
a way that they will withstand the pressure of an explosion. 

II—Plate Protection: With this type of enclosure, packets of 
metal parts are mounted at the openings of the housing of ma
chines, transformers and other apparatus. The plates are held 
at a definite distance apart by means of separating pieces. 

The following rules are to be observed: 
(a) Metal plates are used which have a width of at least 50 

mm. (1.97 inches) and a thickness of at least 0.5 mm. (0.0197 
inches) and are arranged by means of suitable separating pieces 
so that their distance apart does not exceed 0.5 mm. (0.1970 
inches) and cannot be exceeded on account of bending of the 
plates. The material used is to be bronze, brass, tinned or 
galvanized iron. 

(b) The plate packets are to be protected against outside in
juries. It is recommended to make them removable so that 
convenient inspection and easy replacement are possible. 

(c) The conditions under 1(b) and 1(c) are to be met. Unless the 
number of slits is not sufficiently large to prevent a rise of pres
sure, the conditions of / (a) are also to be met. All parts are to 
be perfectly tight. 

777.—Wire Gauze Protection: In this method of enclosure all 
housings of machines, transformers and other apparatus are 
covered by screens of wire gauze or housings are constructed for 
machines, transformers and other apparatus in which openings 
are covered by such wire gauze. 

The specifications for this enclosure are the following : 
(a) The gauze is to be made of safety-lamp wire gauze of 144 

meshes per sq. cm. and 0.35 mm. wire diameter (930 meshes per 
sq. in. and 0.0138 inches wire diameter). The wire gauze is to 
consiist of bronze or galvanized iron, to have uniform structure 
and be free of defects. 

(b) Each opening is to be provided with at least two layers 
of wire gauze which should be spaced 5 to 20 mm. apart (0.197 
inches—0.79 inches). The total protection gauze surface is to 
be at least 150 sq. cm. per liter of fire-damp contained in the 
enclosed space (approximately 21 sq. in. per 1 quart). 

(c) Large gauze surfaces are to be provided with strengthening 
ribs in order to maintain their distance apart. The gauze is not 
to be secured by solder but rather clamped in frames by means of 
screws. Great care is to be taken that no gaps occur at the points 
of fastening. The gauze is to be protected against injury by 
perforated iron or similar means. It is recommended to arrange 
the gauze in removable covers to permit easy inspection and 
replacement. 

(d) The conditions of 1(b) and 7(c) are to be met. All parts are 
to be perfectly tight. 

(e) The gauze surfaces are to be so arranged on the enclosed 
case that flames due to any after-burning do not travel along the 
gauze and that combustible bodies cannot fall upon them. In 
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order to decrease the after-burning many small surfaces rather 
than few large ones are to be used. 

IV.—Oil Protection: In this method of protection the whole 
apparatus which is liable to sparking of dangerous heating due to 
the electric current is enclosed in a casing filled with mineral 
oil free of resin and acid. The oil level is to be so high that spark
ing above the level is impossible. The required height of the 
oil is to be indicated by a mark. The height of the oil is to 
be visible without opening the case. 

B. Application of the Various Protecting Devices: 
I. For machines, transformers and other apparatus, two kinds 

of construction may be used: 
(a) The entire machine, transformer and apparatus are to be 

made explosion-proof according to section A. 
(b) Only those parts of machines, transformers and apparatus 

which are liable to sparking in ordinary operation, are to be 
made explosion-proof according to section A. The safety of 
those parts, however, which are liable to sparking only under 
unusual conditions is increased by 

1. A special mechanical inspection. 
2. 50 per cent increase of insulation stress. 
3. 25 per cent decrease of heating guarantees. 
For apparatus other than machines and transformers the fol

lowing applies: 
Liquid starters without special protection are not permitted. 
Rheostats may be furnished without protecting devices under 

the following conditions : 
(a) The electrical stress of the material is so small that dan

gerous heating is impossible. 
(b) The resistance material is so strong that it cannot break 

in normal operation and is so securely fastened that contact 
between different parts is prevented. 

(c) By proper enclosing, foreign bodies cannot fall in, and 
dripping water cannot enter. 

(d) All wire connections are soldered or securely screwed 
together. 

All screw contacts which cannot be protected by enclosures, 
should be so secured that a loosening of the screws and a result
ant poor contact cannot take place (motor terminals, resistances, 
etc.). 

Plug contacts are to be so constructed that the plugs fit 
tightly in the receptacle and thus prevent sparking when in 
place ; they are to be inter-locked with explosion-proof switches 
in such a way that the plugs can only be set in or taken out when 
the circuit is open. 

C. Other Constructions. 
Other constructions than those mentioned under A and B for 

protecting machines, transformers and other apparatus are 
permitted if such devices have been found to be explosion-proof 
by a special test at a recognized station for explosion tests. 
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We see from the last paragraph of these regulations that the 
various constructions mentioned are not considered to be the 
only ones possible to devise. But the German rules show 
the direction along which the design of explosion proof 
apparatus should be followed and it is to be hoped that the 
tests carried out in this country by the Bureau of Mines will 
ultimately result in the adoption of similar rules by the American 
Institute of Electrical Engineers. 

THE INFLUENCE OF INFLAMMABLE MINE GAS UPON THE DESIGN 
OF MOTORS FOR MINE SERVICE 

H. H. Clark: Methane (CH4) is an inflammable gas that oc
curs in many coal mines, especially the deeper ones. The mine 
ventilating systems are designed to remove from the workings 
the gas that escapes from the coal and to remove it in a condition 
so diluted with air that it cannot become ignited. 

Electrical equipment should not be used in mines or fmrts of 
mines where the proportion of ventilating air to the gas that it 
carries away is not so great that the presence of explosive mix
tures is the rare exception and not the general rule. However, 
since the gas enter the workings at a very ununiform rate and at 
the more remote points in the mine where the ventilation current 
is least strong, the gas, although usually removed promptly, may 
sometimes accumulate in dangerous quantities in caved areas 
through which there may be very little ventilation. This 
condition may also occur at tlje face of a working as the result of 
an interruption or disarrangement of the ventilating system. 

These possible accumulations of gas or the occurrence of a 
large blower of gas at the face constitute the danger against which 
the use of explosion proof protection of electrical equipment 
can consistently be used. 

The U. S. Bureau of Mines has applied the term " explosion-
proof " to motors or other pieces of electrical equipment that 
are so constructed or protected that they will not cause the 
ignition of explosive mixtures of mine gas and air. Various 
similar terms were considered before this term was finally 
adopted as most expressive and fitting, as well as the term used 
exclusively by the original German investigator, to whom the 
art is largely indebted. 

The use of explosion proof protection should be regarded as 
a factor of safety in emergencies and not as the principal bul
wark against the ignition of gas by electrical apparatus. The 
ventilating system must always be regarded as the main defence 
against such contingencies. 

Motors that Require Protection. The motors that most need 
explosion proof protection are those that are to be used in the 
advance workings. The most notable examples of such motors 
are those used for operating coal cutting equipments. In 
mines that produce a good deal of gas, motors that are opera
ting on the return air-way might also with reason be provided 
with explosion proof protection. 
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Motor Parts that Require Protection. The commutator of 
direct current motors is the first thing that suggests itself as 
needing protection when one considers the subject of explosion-
proofing, but it is manifest that any part of a motor equipment 
that will produce a spark capable of igniting gas must be pro
tected as completely as the commutator. 

Dangerous sparks can be produced at the contacts of starting 
rheostats and wheraver the circuit is intentionally broken 
automatically or by hand or wherever the circuit may be broken 
accidentally. It is common experience that portable machines 
are subject to breaking of wires that connect one part of the 
motor to another. Therefore, it is desirable to protect all 
wires so that the possibility of their being broken is reduced 
to a minimum, and it is best to design the equipment so that 
all wires are in explosion proof casings from the point where 
they enter the machine. Therefore, to be specific, the entire 
equipment should be protected so that there should be no 
danger from commutator sparks, from fuse flashes, from flashes 
from starting rheostat contacts, or from open circuits or broken 
wires. 

Means of Protection. A volume could be written on the various 
experiments that have been made in connection with explosion-
proof motor protection, but it is sufficient to say here that 
one of the most effective means that has been devised for the 
purpose is to provide the frame of the motor with relief open
ings of comparatively large area, by placing side by side about 
one half millimeter apart, plates of metal about one half milli
meter thick. The flames of an explosion that may occur inside 
of a motor casing, as they pass, out between these plates, are 
cooled below their ignition temperature before they can escape 
from the motor casing and ignite any gas that may surround 
it. This form of protection has been found to be extremely 
effective and is of a type that lends itself to rugged mechanical 
construction. 

Having by this means secured an explosion proof casing, 
the next step is to install in this casing the contacts of the 
starting rheostat and the fuse or circuit breaker that is used 
with the motor. It is also desirable to run all wiring inside 
of the explosion proof casing as far as possible, and when this 
can not be done the wires should at least be covered by the 
metal parts of the machine frame so that it will not be possible 
to break them. Since the wires can not be protected all the 
way from the source of power to the motor, there must be 
some point where the wires must shift for themselves, so to 
speak, and in the case of coal cutting machines this point is 
comparatively near the motor; i.e., in the trailing cable. The 
trailing cable of coal cutting machines receives very hard usage 
but it should be inspected daily, and by so doing the chance 
of its becoming a source of danger as far as gas is concerned 
is very slight. However, it is advisable to reinforce the cable 
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where it enters the rigid frame of the machine so as to prevent 
the breakage that is so likely to occur at that point. 

Experimental Work. As previously suggested, a great deal 
of experimental work has been done in connection with the 
subject of explosion-proof motors. As far as I am aware, the 
first important work was done by Bergassessor Beyling in 
Germany. Some time ago the Bureau did a considerable amount 
of work in this connection, the results of which are reported 
in Bulletin No. 46, copies of which may be obtained by ad
dressing the Director, Bureau of Mines, Washington, D. C. 
As a result of these preliminary experiments the Bureau es
tablished a schedule of fees for testing motors, so that the 
Bureau can now make tests for manufacturers to determine 
whether or not their machines can be approved by the Bureau 
as explosion-proof. Technical Paper 101 will be issued in a 
short time describing the results of the first tests of this sort 
that have been made. Copies of this Technical Paper can 
also be obtained by addressing the Director, Bureau of Mines, 
Washington, D. C. The following abstract from this paper may 
be of interest at this time as describing the principal features 
that the Bureau considers essential to the design of explosion 
proof motors. 

ABSTRACT FROM BUREAU OF MINES 
TECHNICAL PAPER 101 

Design and Construction. The design and construction of 
permissible explosion proof motors and their accessories must 
be especially rugged. This requirement will be applied con
sistently to all the details of the machine as well as to its prin
cipal parts, in order to be assured that, under the severe con
ditions imposed by mining service, the explosion proof qualities 
of the equipment will remain unimpaired. 

The protective devices used with permissible explosion proof 
motors must not only be capable of preventing the passage of 
flames from the interior to the exterior of the motor casing but 
such devices must also possess sufficient mechanical strength to 
insure against the accidental destruction of their protective 
qualities. If there are moving parts in connection with such 
devices, they should be so designed that there can be no in
terference with the movement of such parts. 

Starting Rheostats. Starting rheostats and other necessary 
equipment that may cause an ignition of gas must be protected 
as adequately as the motor itself. The casings of starting 
rheostats should be explosion proof. The resistances and con
tacts of the starting rheostats used with portable motors of 
not more than 50 h.p. capacity should be enclosed in the same 
box, unless enclosed in separate boxes connected by approved 
piping through which all leads are carried. All leads enter
ing the explosion proof casings of starting rheostats should 
pass through the casing in the form of properly protected, in-
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sulated studs of approved design. The use of rubber bush
ings will not be approved because the bushing may become 
displaced and thus destroy the explosion proof quality of the 
casing. The casing of the starting rheostat should be mounted 
on the motor casing, if possible, and the inter-communicating 
openings for the passage of leads should be made large in order 
to prevent the rise of pressure that always attends the propa
gation of an explosion through a small hole from one com
partment to another. 

If it is not possible to mount the starting rheostat on the 
motor frame, all leads connecting the starter with the motor 
should be carried in rigid metallic conduit. 

Unless means for opening the circuit both automatically and 
by hand are provided in a separate explosion proof casing, they 
should be incorporated in the design of the starting rheostat. 
If the starting rheostat is mounted on the frame of the motor, 
provision should be made for entirely disconnecting the elec
tric circuit from the starting rheostat. 

Motor Casing. All joints in the casing of a motor or of any 
of its accessories must be metal to metal joints with faces not 
less than one inch wide, and if the pressure developed in the 
motor casing by explosions can exceed 50 lb. per sq. in., the 
faces must be not less than If inch wide. All bolt holes in 
casings must be bottomed, or so arranged that the accidental 
omission of a bolt will not give an opening through the casing. 
All openings in the motor casing other than those provided 
with protective devices by the manufacturers must be tightly 
closed. It is desirable that such openings be as few as possible. 
There should be no exposed terminals or contacts outside the 
motor casing. If there are glass covered openings in the cas
ing of a motor, the glass should be of ample thickness and 
should be protected by strong metal covers that close auto
matically unless held open by hand. Armature bearings must 
be so designed that under no circumstances can an explosion 
be propagated from the interior of the motor casing around 
the armature shaft or through the oil wells. 

Cable Reel and Trailing Cable. If there are any sliding or 
rubbing contacts in connection with the cable reel, such con
tacts should be provided with explosion proof protection, and 
any plug connections should be constructed so that they will 
be explosion proof. At the point where trailing cables enter 
the frames of portable motors, the cable should be protected 
with suitable armor or flexible metallic conduit, securely fast
ened to the frame of the motor, and of a sufficient flexibility to 
prevent short bends from occurring in the cable. The cable 
should not be fastened to this armor, but there should be pro
vided inside the frame of the motor, an insulated clamp of 
approved design for securely fastening the cable and taking 
all mechanical strains that may be put upon it. 



2690 MOTOR APPLICATIONS [March 19 

T H E LIMITATIONS AS TO CAPACITY AND T Y P E OF M O T O R WHICH 

M A Y B E T H R O W N ON OR U S E D ON SYSTEMS, FROM T H E 

STANDPOINT OF C E N T R A L STATION C O M P A N I E S 

F . A. Allner: F rom the s tandpoin t of central s ta t ion com
panies the size and type of moto r connected a t any point of 
the system has seldom any other l imitat ion t h a n the one as 
affecting the voltage regulation. The s tar t ing current of a 
motor , no m a t t e r wha t the type , will furnish, as a rule, t he most 
severe condition for the motor installation, as far as affecting 
the voltage regulation either on this par t icular dis tr ibut ion 
feeder or on the entire system. There are few exceptions 
where special du ty conditions m a y cause heavier currents t h a n 
s tar t ing or normal running, in the na tu re of over-loads of short 
durat ion, such as motors driving stone crushers, grinding mills, 
presses, etc. In such cases, of course, the most severe drop in 
regulation has to be investigated. 

By far the major i ty of central s ta t ion companies in medium 
size and large cities, main ta in an a-c. and d-c. distr ibution sys
tem. The la t te r can be t raced back generally to some pioneer 
Edison installat ions and is often restr icted to the down-town 
districts, serving lighting and only small motor customers. 
The 60 cycle a-c. system supplies the balance of the distr ibution 
service, except in those cities where the prime movers generate 
a t 25 cycles and feed a number of large individual power con
sumers, t ract ion systems, and special industrial districts directly 
with the 25-cycle service. 

In every instance of a larger motor instal lat ion the effect 
of the most unfavorable s tar t ing condition on the supply cir
cuit mus t be examined. As an extreme limit a voltage drop 
of 10 per cent for such feeders as are not connected to any 
lighting load, and of 2 per cent for mixed power and light feeders, 
is permissible. Such heavy drop would be me t with very rarely 
because the present pract ise of using distr ibution voltages of 
2200, 6600, and even 13,200 volts for larger industr ial power 
service, combined with the min imum s tandard cross-section 
of 6 B. & vS. s t andard gauge can easily t ake care of the drop 
caused by the s tar t ing current of an individual motor . T h e 
conductor mater ia l for the over-head or underground distri
but ion system, as a rule, is s tandardized to the use of about 
half a dozen cross sections and once the voltage and t rans
mission system is decided upon, the choice of the conductor 
is generally only a limited one. 

In the case of mixed power and light load, very often the 
instal lat ion of a separate step-down transformer for the light
ing supply will solve the question of voltage drop on a given 
feeder, because the major pa r t of the reactance lies in the 
distr ibution transformer between feeder and motor . 

T h e extreme limit of 10 per cent for the voltage drop in power 
feeders m a y have to be reduced considerably wherever special 
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service conditions would call for a closer voltage regulation of 
motor load, necessitated, for instance, by rigid constant speed 
requirements of induction motor drives in textile or paper mills. 

For smaller motor installations the rules guiding the con
sumer and the central station company, as issued or approved 
by the Public Service Commissions, generally bring the volt
age drop in actual practise considerably below the permissible 
limit of 2 per cent on mixed lighting and power feeders. 

In the case of the Baltimore Consolidated Gas, Electric Light 
& Power Co., for instance, all motors over \ h.p. must be either 
for 240 volts d-c.or 230 volts a-c, which is twice the regular 
lighting voltage. To simplify distribution in service districts 
composed of small individual loads all a-c. motors up to 10 
h.p. must be single phase motors, excepting only elevator 
motors and such installations where a contract has been made 
for installing within one year more than 10 h.p. motor load. 
In regard to single-phase motor installations, all sizes above 
1 h.p. must be of the commutator type, excepting only instal
lations for stationary vacuum cleaners. The type of motor 
developed for this latter drive has proven to require relatively 
small current when starting, favored also by its starting 
without mechanical load. 

For single-phase motors over 2 h.p. a limit of 1J times full 
current must not be exceeded, to be secured with starting re
sistance or another equivalent device. 

Three-phase motors of 5 h.p. capacity and over, must be 
of the wound rotor type, excepting only especially large instal
lations in which case the percentage capacity of the largest 
squirrel cage motor on a 60 cycle feeder must not exceed 15 per 
cent of the total connected load of the same voltage and phase 
system; and on 25 cycle lines, 25 per cent. The limit for the 
starting current of larger phase wound motors is set at 1^ times 
the full load current. 

The squirrel cage motors of 5 h.p. and over that are exempted 
from the phase-wound rotor rule, have as limit for their starting 
current three times the full rated load current. 

In the case of elevator motors, single-phase installations up 
to 20 h.p. rating are permissible. This exemption is made 
to allow on outlying districts with only single-phase feeder 
lines, the connection of elevator loads in buildings, where 
neither the consumer nor the central station would be justified 
in incurring the investment of the third wire addition. 

In case of three-phase elevator motors of 5 h.p. and over, 
reverse current relays are prescribed. The latter rule is for 
the purpose of avoiding the accidental reversal of rotation in 
case a lineman should have made a mistake in re-connecting his 
phases. 

For all direct current motors the limit of the starting current 
is set at 1J times the full rated load current, a condition which 
in no way works a hardship in tha design of the motors and 
their starting devices. 
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It is frequently to the interest of the consumer as well as 
central station company to arrange the total motor load of a 
customer in a number of individual drives each of which will 
not exceed in size the permissible limit of the squirrel type 
motor. 

For larger individual motor installations special conditions 
might arise in the nature of limits to starting current that must 
be considered from the very beginning in the cost of installa
tion to the central station company, in the design of the motor, 
etc. Not only the maximum starting current, but equally the 
power factor under which it is drawn, will determine the volt
age drop of the feeder. A phase-wound motor compared with 
a squirrel cage motor that draws the same maximum starting 
current will cause a considerably lower voltage drop and there
fore, the phase-wound type of induction motors will be more 
frequently used for the larger sizes in districts where the feeder 
lines are not of excessive capacity. 

From the central station company's point of view the syn
chronous motor type is to be preferred over the induction type, 
on account of its better power factor operation, unless the 
power factor on the feeder does not drop below a reasonable 
limit, approximately 70 per cent; or when the large per cent 
of synchronous load on the rest of the system compensates for 
a poorer power factor on some particular feeder line. On the 
other hand the more complicated method of starting, the higher 
first cost, and the injection of the additional exciter system, 
may often warrant the synchronous motor type, despite the 
better efficiency, only in such cases where expert attendance 
is available, due also to other conditions at the consumers 
premises. Above a certain size the auto starter is not as de
sirable a starting device as other starting methods although 
it is the most desirable arrangement for the consumer, ap
proaching conditions of the induction motor. 

The generating capacities of central stations in medium 
size and larger cities are generally such that a voltage drop 
at the station buses caused by the throwing in of an especially 
large motor on the system, very seldom exceeds the permissible 
limits. Such voltage drop, of course, being instantaneous in 
character cannot be taken care of by any automatic regulator; 
the regulation characteristics for different power factors taken 
for the smallest generating unit that may be connected alone 
to the bus when this particular motor may be started, must be 
investigated and again, as extreme limit, 2 per cent drop should 
not be exceeded. 

From the operating point of view the induction motor shows 
superior stability in staying in step over the ordinary type 
of synchronous motor, at such times when voltage and fre
quency fluctuations, short circuits, etc. befall the system, origi
nating at the central station or on some of the transmission 
or distribution feeders. This condition, however, can be taken 
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care of to a certain extent, also, on the synchronous motor, by 
equipping the field with adequate damper windings, thus making 
the synchronous motor act, at times of voltage and frequency 
variation, similarly to an induction motor. 

There is a certain relation between the resistance of the 
damper winding, the starting current, starting torque, and the 
synchronizing torque. A higher resistance of the damper wind
ings gives higher starting torque for a given current, but re
sults in lower synchronizing torque. Such synchronous motors 
with high damper resistance could be started with no mechanical 
load by means of an auto-starter under low starting current 
and good power factor conditions. 

On the other hand, a motor with very low damper resistance 
would give heavy starting current, but low starting torque and 
may not start at all even with full voltage applied to the stator 
leads. The synchronizing torque again, i.e., the force required 
to pull the motor out of step once it had been locked into syn
chronism, is considerably larger for this type of motor. 

Depending on the special service conditions and the maxi
mum mechanical load under which such a synchronous motor 
should pull in step again at times of voltage and frequency dis
turbances, the design of the damper winding has to be carefully 
selected so as to secure all desired advantages without incurring 
any draw-backs. Properly dimensioned damper windings do 
not necessarily decrease the efficiency of the motor, even with 
their pitch smaller than the spacing of the stator slots, although 
the theory seems to point in the other direction. 

Larger sized synchronous motors, directly connected to 
mechanical loads, may render a valuable assistance under 
certain conditions for the improvement of the power factor of 
a feeder district or of the whole system, in the same manner as. 
any other synchronous apparatus, such as frequency changers, 
rotary converters, etc. Under special conditions very exten
sive use can be made of this power factor correction, when 
this feature is taken care of from the very beginning in the 
design of the motor. 

Although only over-excitation is generally desired by any 
method of abnormal power factor operation with synchronous 
apparatus, conditions may also turn up on a distribution ser
vice that is tied in to a high tension over-head transmission 
system whereby a very low limit of under-excitation is desired 
for the purpose of creating sufficient reactive current, during 
off peak hours, on the over-head line to prevent sleet formation. 

Central stations supplying power to interurban or longer 
suburban traction systems, operating on single phase, are some
times confronted with the decision whether to tap the single-
phase supply directly from the three phase system, or split 
the track in sections, supplied by different phase current, or 
to produce the single phase current by the use of phase changers. 
In one particular single-phase traction installation about eight 
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years ago, when the central station had a capacity of only four 
2000 kw. generators with a possibility that only one generator 
might be on the bus when a heavy traction pull might occur, 
three 600 kw. synchronous phase changers were installed, gen
erating single phase current at 6600 volts for feeding the near 
section directly at that voltage and the more remote section 
through 22,000 volt single phase step-up transformers. This 
three phase energy was taken by the synchronous motors at 
about unity power factor from the 13,200 volt generator sta
tion buses. 

From the very beginning, provision was made for the ulti
mate elimination of the phase changers and for adopting the 
single phase step-up transformers in Scott connection for feed
ing the traction system with two phase current, the windings 
being arranged so, that one phase fed with 6600 volts the near
est section, while the other phase supplied 22,000 volts to the 
sections further away. 

This change over was actually carried out a few years later 
after the generating capacity of the station was more than 
doubled and no difficulties, due to the unbalanced phase cur
rent, combined with lower power factor, were experienced. 
The power factor, however, under which the new system oper
ated was so much lower compared with the original phase changer 
installation that the kilovolt ampere hours measured at the 
station buses of the new system equalled, approximately, the 
previous kilowatt hour supply. In the original layout the over
all daily efficiency of the phase changer sets was around 65 per 
cent, this figure equalling approximately the average daily power 
factor under the changed method of operation. About one 
year after this change the entire system was finally re-designed 
for 1200 volt d-c. service, resulting in a very considerable 
saving of power consumption. 

T H E FACTORS INVOLVED IN MOTOR APPLICATIONS 

Harold Goodwin, Jr.: I wish to draw your attention partic
ularly to the viewpoint of the central station; first, in regard to 
the choice between direct current and alternating current, and 
following that, the particular factors we must consider when we 
have made the choice. 

The first question to arise is: Is the central station related to 
all motor applications, or if only to a portion, to what portion? 
Some of us say it is related to them all, while statistics say it 
is related to only part. The real question is : What will be the 
ultimate relation ? If we again answer that the central station 
will ultimately be related to every motor application, we cannot 
prove it. But we can point to the very great increase of central 
station service for motor purposes during the past few years, 
exceeding the brightest hopes of the early days, and we can point 
to the parallel of the great increase in voltage of high tension 
transmission above anything that was predicted. That the dis-
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eussions at the Industrial Power Committee meetings show 
either general assent or dissent to the proposition of univer
sal central station service is most important, not only for 
the engineers of the future who will have to deal with the 
problems we create for them, but also for ourselves, that we 
may be able so to design the central station and all current con
suming apparatus, that the day when they both will be linked 
together may come the sooner. That in some cases at the pres
ent time there seems to be no chance for economy by the use of 
central station service I perfectly agree, but that future develop
ments with increasing density of load will change a large number 
of these cases I am perfectly positive. Even now there are very 
few plants which would not benefit from being able to throw their 
whole load to central station service in case of a breakdown of 
their own apparatus. 

The idea of central station service is so generally accepted at 
the present time that it may seem out of place to devote time to 
it here. But while it is generally accepted, each individual who 
does not use it thinks that his is the special exception and stops 
to consider it a few years before he will accept it. If there are 
then processes which inherently have no relation to central 
station service, the records of meetings of the Industrial Power 
Committee should show them. 

Having decided that all installations should be related to 
central station service, the next question is: What is the form 
of central station service to which they should be related ? The 
answer, like all true engineering answers, is of course expressed 
in dollars and cents; that is, the characteristics of the central 
station service should be such that the cost of the power delivered 
from all motors to the apparatus will be a minimum. This total 
cost is made up of two items—the cost of the power supplied by 
the central station, and the cost of the installation. Let us 
look into these two items, and see to what extent they have both 
been developed, and where the future possibilities for develop
ment lie. If we find that one has been developed to its limit 
while its alternative has not, we may find there is an easy solu
tion of the problem without a consideration of the complexity 
of all the detail factors involved. 

Taking first the question: What is best in central station 
service? The answer is, the most efficient. What then are the 
systems which we are to compare in order to find the most effi
cient? The main divisions with which we are all familiar are 
direct current and alternating current. In order properly to 
compare these systems, we must first pick out the most efficient 
arrangement of each system. Almost all d-c. distribution 
is underground, so to find the standard d-c. construc
tion we naturally turn to the report of the Underground 
Committee of the N. E. L. A. The best answer we find here is 
in the recommendation of last year's Committee to this year's 
Committee that consideration be given the following : 
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" Comparative practise in d-c. distribution giving standards 
used by different companies for different items, such as 
size of mains and neutrals, type of junction boxes, use of single 
conductors versus concentric cables and limiting size of same, 
practise as to fuses, etc." 

This does not appear to give us a very good standard from 
which to construct our ideal d-c. system for comparison with the 
alternating-current system. 

Turning to alternating current, we find that much has been 
written on construction methods, but when we search through 
all of this we seem to get scarcely closer to the standard solution 
of our problem than is the recommendation quoted above on 
d-c. distribution. This much is found, that direct current 
has had its application in the dense load sections. Under
ground alternating current has also been supplied under these 
conditions, and a careful analysis, though never published, has 
shown a balance in favor of the alternating current at least as far 
as lighting is concerned. 

If we therefore cannot find some general solution to the prob
lem, by the comparison of the best in direct current with the 
best in alternating current, let us see if we can find a solution in 
some particular case, and then see how far this can be extended 
to cover the whole. There is one class of service which is ac
knowledged by all to be more economically supplied by .alterna
ting current than by direct current. This is service to residen
tial and suburban sections of cities, farming country, and, in fact, 
all scattered and light loads. This means that a large portion 
of the territory now supplied by electricity is supplied by al
ternating current, and that practically all new territory will be 
supplied by the same. But if in dense load sections the alternating 
current and direct current are of nearly equal economy, and concede 
even that it may be proved that direct current has a slightly 
better economy under certain conditions, the question arises, 
will it ever be proper to change from alternating current to direct 
current distribution with increase of load? This fortunately 
is not difficult to answer. By the time the load has increased to 
an extent such as to allow serious consideration of direct-cur
rent, it will have increased, due to a large amount of apparatus 
built especially for alternating current, the cost of changing 
which from alternating-current to direct-current will be prohibi
tive. So even assuming that the cost of distribution by alterna
ting current and direct current in dense load centers is easily 
comparable and not in favor of alternating current, we find 
that alternating current is the ultimate answer, provided, how
ever, that it will be suited to the service which is required of it, 
particularly in its application to motors. 

As we have found a definite limit in d-c. distribution, let us 
now investigate and see if there is a definite limit in either d-c. 
or a-c. motor practise. We find first that a-c. motors have various 
advantages over direct-current motors in regard to constancy of 
speed, elimination of commutator troubles, etc., but that in vari-
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able speed work the d-c. motor has a distinct advantage. While 
we believe this has been overcome, there are many who still believe 
that the d-c. motor has a great advantage oyer the a-c. motor for 
crane, elevator service, etc. Is this lack of variable speed 
characteristics then the limit for a-c. motors as the distribution 
in residential sections is for d-c. ? In the distribution question 
there is no item of cost which if it could be reduced would not 
effect equal reductions in both forms of distribution. Now, will 
any improvement which may be made in the a-c. motor have an 
equally beneficial effect on the d-c. motor ? The answer is with
out discussion, " No." The d-c. motor has been developed to 
practically its limit, while the a-c. motor, though it is highly 
developed in many ways, has still room for great improvement, 
particularly in variable speed service. But is this improvement 
possible? The answer from an engineering point of view is 
14 Yes," though from a commercial point of view that word 
cannot yet be spoken very loudly. 

The objection to lack of speed control is on the part of the 
customer. What are the objections to the a-c. motor from the 
central station point of view? Its heavy starting current and 
poor power factor are the chief characteristics looked on with 
disfavor. Is it possible to overcome these? Both have been 
largely overcome, though there is still much to be desired in the 
ordinary commercial motor. 

What then is our answer to the question—direct-current or 
alternating-current? Emphatically—alternating-current. The 
direct-current has present and ultimate limitations, while the al
ternating-current has only a few present limitations along certain 
lines, and these are being rapidly overcome. But, it may bθ 
argued, since the high tension transmission and a-c. system 
generally have been developed so much more highly than was 
anticipated a few years ago, may not the wireless transmission 
of energy or some other such new development supersede the alter
nating-current ? It may and we hope for all possible improve
ments. Should this come, it may replace the present transmission, 
or it may affect the wiring for lighting in a house, but a motor will 
always be needed to give mechanical power and some delivery 
and metering devices will be necessary for supplying lighting or 
power. So it is not likely that a distribution system with an 
efficiency such as is possible with the present a-c. system will 
go out of date for many years to come, and when it does pass it is 
probable that most of it will be readily converted to the use of its 
successor. 

Before considering the subject in detail, let us look at the prop
osition in general. What have the central station companies 
told the manufacturers that they want in regard to motors? 
Aside from what the operating engineers have told the manu
facturing companies they desired in certain particular cases the 
only information which the manufacturing companies have on 
the requirements of the central station are those published in 
the general rules and regulations of the central stations. Mr. J. 
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C. Lincoln's paper on " Line Disturbances Caused by Special 
Squirrel-Cage and Wound-Rotor Motors " criticised the general 
rules and regulations of operating companies. The only objec
tion I have to make to his criticism is that it is too mild. The 
general rules of operating companies up to the present time are a 
collection of a great mass of inconsistencies and impossibilities, 
with a few truths scattered through them. The general mistake 
has been made throughout of defining a means to an end with
out also defining the end. The same means may with a slightly 
different application give some other than the desired end. I 
refer particularly to the requirement in some companies that 
single-phase motors start as repulsion motors, without also 
stating the maximum starting current, assuming simply that any 
motor started in this manner will be far superior to any split-
phase motor. Provision is also made for auto starters and wound-
rotor motors without also providing what the limit of current 
shall be when these starters are used. In connection with ele
vators it is very often stated that the motor shall be of the wound-
rotor type, yet there is nothing in the rules to prohibit the use 
of a simple dash pot for controlling the wound-rotor resistance. 
The resultant operation may have absolutely no relation to the 
line current, the thing objectionable to the central station, and 
for the control of which these devices are required. 

The first step, therefore, that the central stations can take 
toward the improvement of the objectionable characteristics 
of a-c. motors is to agree on rational possible rules showing the 
requirements which they desire, and indicating also the particular 
lines along which they desire to have the manufacturers make 
developments. Fortunately, the Electrical Apparatus Commit
tee of the N„ E. L. A. has taken up this matter, and their report 
to the convention in June will doubtless be of great value. 

Considering now the fractional h.p. motors, the chief objection 
of the central station to these is their heavy starting current, 
which is usually applied directly to the lighting system. The 
poor power factor is of not so great moment. A large number 
of the | -h.p. 110-volt motors now on the market take a current 
in starting from 30 to 50 amperes or even more. This is equiva
lent to the whole load of from 6 to 10 of the small stores in which 
such motors are usually used, and it is obvious that a distribution 
system cannot be economically designed to care for the ordinary 
lighting demand and yet be prepared to carry such heavy, sudden 
currents. Also the great recommendation for these motors is 
that they can be easily attached to the present wiring or lighting 
system, or they form the opening wedges for a lighting installa
tion. 

I agree with Mr. Lester's first statement that very little space 
has been devoted to the fractional h.p. motor in technical litera
ture, and it is very easy to see from what I have already said that 
I agree with his second statement, that the subject presents cer
tain diffi cui ties. I further agree with his three reasons for the 
great development of the small motor field. However, when he 



1915] DISCUSSION AT CLEVELAND 2699 

comes to list the general points to be considered, he gives as one: 
" Variation in the characteristics of the circuit on which the 
motors are to operate, such as variations in voltage, frequency or 
both." But he does not give the consideration to the variation 
in voltage which the motor will cause on that circuit. His 
reference to " light wiring or insufficient transformer capacity " 
as a cause for poor starting torque, is adding insult to injury. He 
puts the small split-phase motor forward as a class on account of 
its portability and easy miscellaneous attachment, and then 
objects when the voltage at a socket supposed to carry 40 watts 
drops due to a demand which in some instances has been care
fully measured as 1.6 kv-a. for a £-h.pt motor. He acknowledges 
that the chief good which a centrifugal clutch on a split-phase 
motor can do is to reduce the time during which the starting 
current is drawn, but he does not claim that it materially reduces 
the starting current, which will therefore still give a serious 
flicker to the lights connected to the same circuit. 

The suggestion that rulings should specify in amperes the 
permissible current which motors may take, corresponding to 
established voltages, is excellent, and it is further suggested that 
this may be measured by ability to start either once or a specified 
number of times per minute on a given fuse. This is the easiest 
and most practical method of demonstrating to customers and 
wiremen the current which the motor draws. This may appear 
to be a disproportionate amount of space to devote to fractional 
h.p. motors, but at the present time they constitute one of the 
very greatest problems of the distribution engineer. 

The problems connected with the larger motors, as has been 
stated before, are those of starting current and power factor. 
The question of starting current should be possible of solution 
by a frank, intimate and detailed discussion of the facts, and it 
should be possible to arrive at a conclusion satisfactory to most of 
the manufacturers and the central stations. To this discussion 
Mr. J. C. Lincoln's paper on the special squirrel cage motors is a 
very great contribution, and a reply from the advocates of the 
wound rotor should enable the central station to write rules which 
it would be possible to meet, and which would require the best 
in design of either type of motor. 

The question of power factor is a very important one. It is 
quite customary to state that induction motors have a power 
factor of 80 per cent to 90 per cent yet this is under full load con
ditions. Under the conditions under which many of them oper
ate for hours in actual service, the power factor is nothing like 
this. Some feeders to which are connected only a high grade of 
motors have been observed to run as low as 30 per cent power 
factor showing load variations on the power factor indicator rather 
than on the ammeter. One remedy for this trouble for 
the central station is of course to base the charges on the maxi
mum demand in amperes, but this is open to much discussion, 
and the fact that the central station may be compensated for 
the loss does not do away with the fact that there is a great loss. 



2700 MOTOR APPLICATIONS [March 19 

That it is possible to overcome this loss has been shown by the 
design of at least one unity power factor induction motor. This is 
an expensive motor, but it shows the possibilities, and the 
manufacturers should lend their aid in developing motors with 
unity power factor characteristics along commercial lines. 

It is now interesting to try to discover what the distribution 
engineer is trying to do to overcome these acknowledged diffi
culties. To overcome the customer's objection to a-c. motors, 
that is, to the low starting torque and non-variable speed charac
teristics, the installation of either mechanical devices or motor-
generator sets or rotary converters to supply direct current is 
being recommended. Under the present conditions there still 
seem to be places where no other recommendation than this can 
be made. 

To meet the distribution problems, what is being done? 
What progress is being made in overcoming the effect of motor 
starting currents and poor power factor on the lines ? To over
come the present troubles the erection of transformers and run
ning of additional secondaries, is the usual remedy in aerial 
districts. But one man has gone ahead of this. Mr. Schweitzer 
of Chicago has designed and built, very cheaply, an automatic 
instantaneous voltage regulator. This is in principle a current 
transformer. Connected to the service and supplying lighting 
through one leg and power through the other. The windings are 
so connected that the lighting voltage is raised an amount just 
equal to the line and transformer regulation when a motor is 
started and operated. It still leaves some things to be desired, 
but it is progress toward a transformer without regulation, and 
even in its present form should have a great field. Unfortunately 
the motor problem in underground districts is not being handled 
even as well as in aerial districts. Instead of erecting trans
formers and secondaries, d-c. mains of various voltages are being 
extended in many places. This is not only side-stepping the 
problem, but it is imposing a greater burden on those that will 
follow and on engineers in other cities who are trying to meet it. 

In this discussion I have not touched particularly on large 
power installations because it is recognized that to transmit large 
blocks of power to a customer the use of alternating current 
is necessary. It is therefore to the advantage of both the 
customer and central station to make the installation alter
nating-current throughout. On new work this is quite gen
erally being done, except in cases which present the problems 
of speed control already discussed, in which cases it is neces
sary to install motor-generators or rotary converters. The 
supply of current through synchronous apparatus for rail
way operation, electrolytic processes, large motors, and existing 
large plants operating from direct current, will give enough 
synchronous apparatus on the lines so that there is little force 
to the argument for installing rotary converters and d-c. motors 
in preference to a-c. motors to get the power factor correction 
which can be obtained with synchronous apparatus. 
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Summing up what I have tried to bring out: 
(1) All motor applications will ultimately be related to the 

central station. 
(2) Alternating current is the ultimate in distribution, and all 

developments should be made with this in view. 
(3) There are objections to a-c. motors, but these may be over

come by a careful statement by central stations of what is. desired, 
followed by a careful study and development by the manu
facturers along these lines. 

There is no greater need at the present time than a good sum
mary of the present knowledge in a-c. distribution, including the 
method of overcoming all of the problems which are met, par
ticularly those connected with motor applications. If the dis
cussions connected with the meetings under the auspices of the 
Industrial Power Committee can bring out all of these points, 
there could scarcely be a greater benefit bestowed on the en
gineering industry. 

LINK-BELT SILENT CHAIN 

C. R. Weiss. In 1901 began the sale of what was termed the 
" Renold Silent Chain Drive " ; the patent rights to manufacture 
the chain in the United States having been obtained from Hans 
Renold, Manchester, England. The chain in question, I might 
state, was of the same general form as our present silent chain 
and those of other well known manufacture. At that time the 
joint consisted of a plain circular case hardened pin joint, i.e., 
consisting of a round unprotected hole in the link and a cylindrical 
pin in direct contact with holes in the separate leaves. More or 
less trouble was experienced with this construction, due to the 
elongation into elliptical shape of the holes in the links, and to 
the rapid grooving of the pins, from the unequal distribution of 
load across the pin area. The aggregate caused very uneven 
action and rapid wear of the wheel teeth. Neither copious lubri
cation or case-hardening of the links overcame these defects. 

With construction as mentioned it was apparent that the chain 
was unstable and that it could not be placed before the public on 
account of short life. 

In 1904 Mr. J. M. Dodge evolved and patented the split 
bushed joint. This consisted of segmental liners or bushings, 
which are removable, extending across the entire width of the 
chain, thus doubling the bearing surface and halving the unit 
bearing pressure on the joint. The bushings are case-hardened 
and bear upon case-hardened pins, which are free and rotate 
with reference to the bushings, thus presenting every particle 
of surface for wear. As a result the joint wears uniformly, keeps 
round and maintains to the end the high initial efficiency. 

The drive is applicable to every case where motion is to be 
transmitted from one shaft to another. As the sustained effi
ciency is approximately 98 per cent, it is evident that the saving 
of power, as compared with belts and spur gears with an efficiency 
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some 5 to 10 per cent lower, is a very important item; but this 
is not all. First, bear in mind that the silent chain fits approxi
mately one half of the total number of teeth in both driver and 
driven wheel simultaneously. Consequently there is no slipping 
as with belts, nor jumps and vibrations as with worm gears. 
In fact the drive is as positive as a gear drive and as flexible as a 
leather belt drive with the added advantages as opposed to gears, 
of non-fixed center's and as opposed to belt drives, of greater 
possible compactness and low initial required tension. 

Take the case of machine tool drives. The driving force 
through a chain, positive but elastic, is equal at each instant to 
the force required to do the work at the rate of feed and speed 
to which the tool is set, meeting unflinchingly the requirements 
as they arise. A steady uniform rate of work is the result. The 
deflections in the machine parts are held constant, and the tools 
cut away the metal as opposed to the tearing and chattering that 
occur with the shock of high speed gears, or with the creep and 
slip of leather belt drives. 

The results have been found to be: greater output, saving in 
power, less wear and tear on cutting tools, better efficiency, and 
that heavier cuts can be taken on the same machine. 

On punch presses, shears, etc., the drive has produced vastly 
superior results ona service to which at first it was believed a posi
tive drive was hardly applicable, but as a matter of fact the chain 
drive is less severe on a motor armature than a belt drive. With 
the former the flywheel is always up to speed at the instant of 
punching and this energy can be relied upon to assist the motor. 
The chain is flexible enough to relieve the motor armature of 
sharp shock. The overload, due to slowing down, is of too short 
a duration to generate objectionable heat. On the other hand 
with the belt drive the belt will often slip just as the punching 
is completed and the flywheel will not pick up speed during the 
next stroke. The result is an overload on the motor. Thus 
again the advantages are, greater output, economy of power 
consumption, less wear and tear on cutting edges, .and more 
uniform product. 

The silent chain drive has proved particularly adaptable to 
fans, allowing for short centers and economy of space, one 
particular case in mind being a 240-h.p. mine fan drive, which 
operated continuously day and night for over five years, the 
only direct charge against this drive being oil for lubrication. 
It was never necessary to shut down for one moment of repairs 
to the chain. 

Blowers and compressors lend themselves to silent chain 
drive for the same reasons as do fans. However, it is necessary 
that the machine be of good design, in that sufficient flywheel 
effect is provided. This of course also applies to machines for 
refrigerating purposes. 

A large number of paper mill installations, and a majority 
of chain-driven paper mills, use link-belt silent chain. 
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Numerous drives have been sold for operating generators 
and exciters from steam engines, allowing of compactness and 
avoiding all detrimental effects of atmospheric conditions to 
which a leather belt is subjected. 

The rubber mills also present a field well adapted to silent 
chain drives, especially as opposed to direct gearing, in con
nection with which it is necessary to have self contained bases 
and the most rigid of construction. 

I might go on indefinitely and tell you, for instance, that in 
the South particularly there is an enormous field for the silent 
chain drive in textile mills. I have one case in mind, the 
Interwoven Mills of Martinsburg, W. Va. This mill is now 
completely equipped with silent chain drives, 105 in number, 
most of them being over four years old. In this plant, due to 
the positiveness of the drives, seconds or goods showing defects, 
have been eliminated. Note this: that the positive drive has 
also been responsible for the elimination of broken ends, which 
cause shut-downs of the machine. Consequently an operator can 
attend to one-third more machines, greatly increasing his or 
her earnings and greatly increasing the value of the firm's 
product. At this date it is felt that the drives have not only 
paid for themselves, but are real dividend makers. 

Another interesting installation is that in the shops of the 
Reading Iron Company of Reading, Pa., which consists of 50 
30-h.p. drives, operating socket tapping and threading machines. 
The majority of these drives have been in operation over five 
years under conditions so severe that the former method of 
driving, which consisted of belts and gears, would not stand 
up and proved a very costly and troublesome method prac
tically eliminating any prearranged quantity of production. 
As I previously stated, these drives are not running under 
what would be termed favorable conditions, but the lubrication 
is looked after carefully. The flexibility of the drive has over
come the greatest objection, gears; and has absorbed the un
equal motion that was transmitted to the motors by the gears. 
To use the plant superintendent's words, " I would say that 
silent chain is far superior to the belt or gears and in addition 
is so sweet on the motors that motor difficulties have been elim
inated." 

The motor car has presented a varied field for the silent 
chain drive, in the operation of timing gears, magnetos, gen
erators, starters, etc.; and at the present time a large volume 
of work is being fabricated for various makes of cars. 

And now a word as to the drive. The chain details have 
been previously explained. The wheels on which the chains 
operate have cut teeth of special design, there being no rolling, 
sliding action between the working faces of the links and the 
faces of the teeth. As the link-belt chain is symmetrical, 
it can be operated in either direction. When wear is disclosed 
on the wheel teeth, these parts can be reversed, presenting 
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unworn surfaces. Further, the chain is of such construction 
that it can be easily and quickly repaired by renewing the 
joints if worn, thus bringing the chain back to more nearly 
its original pitch. 

The drives have to be designed to meet certain requirements 
and for all ordinary conditions engineering data is given in our 
hand book No. 125, which enables any engineer or mechanic 
to select a proper drive. In selecting any drive it is desirable 
to select pinions containing an odd number of teeth, in order 
to gain what is known as a hunting tooth effect. This is due 
to the manner in which chains are built, the links in adjacent 
pitches being staggered to permit of assembly. Therefore with 
a 17 tooth pinion we gain the effect of 17 working teeth, as 
far as wearing value is concerned, while with an even number 
of teeth only half the number of teeth are effective. 

Selection of the proper size chain depends on the old formula: 
Work = force in pounds X distance in ft. per min.; and h.p. 
= work divided by 33,000 ft. lb. per min. Interpreting the 
formula as we desire it: Force in pounds or chain pull = 
h.p. divided by chain speed. This arrived at, it is essential 
that the proper safety factor be selected. After many years 
of experience it was learned that such safety factors must be 
used as would give wearing and bearing value consistent with 
long life. To this end have been computed tables and formulae 
from data collection, which have proven that considerably 
lower values can be used at low chain speeds than at high speeds. 
It has also been determined that for unit increases in speed, 
the power transmittable rises per foot per minute from speeds 
of about 200 ft. per min. on up to speeds of about 1500 ft. per 
min. in proportional amounts. Above this speed the power 
increases decrease manifestly on account of the high inertia 
strains which are inherent with the high speeds. 

For high speeds and low powers fine pitch chains, such as 
f in. and ^ in. are employed, whereas for heavier work the chain 
pitches increase proportionately. 

At the present time chains are made of pitch and width to 
meet certain conditions of the proportion of pitch in inches 
and width in inches in the ratio of 1 to 16, or in other words, 
a |-in. chain 12 in. wide> or a 1-in. chain 16 in. wide. 

Where speed conditions are such that would of necessity 
employ a 1 in. pitch 32 in. wide chain, two strands of chain 
are used with an equalizing device in the driven wheels similar 
to the single tree of a double team wagon, which device will 
insure that each chain will assume its share of the burden. 
It is practical to equalize any number of strands by a specially 
devised arrangement. In some cases multiple strand drives 
have been operated non-equalized, but the element of chance 
is there, especially as one chain, due to various elements, is 
apt to receive more wear than another. The difficulties arise 
in endeavoring to make the chains pull together and it is almost 
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impossible' to compensate for this unequal wear by the sub
stitution of new parts. 

Certain characters of work, such as brick manufacturing plants, 
cement mills, etc., expose the drives to so much grit that it is 
necessary to employ dust- and oil-tight casings to afford the 
necessary protection; whereas in the ordinary, or common
place shops, the drives can be run open. Most States, however, 
require that all machinery be protected and many of our cus
tomers encase the drives and operate them through oil on 
account of the factory requirements. 

T H E SELECTION OF MOTORS FROM THE POINT OF VIEW OF 
FREQUENCY, VOLTAGE AND PHASE, AND THE INFLUENCE OF 

VARIATION AND UNBALANCING OF SAME 

CHOICE OF FREQUENCY 
A. M. Dudley: There are, in more or less general use on 

our continent, the following frequencies, viz: 25-30-40-50-60-
66|-125 and 133 cycles and possibly some others where local 
conditions seem to demand it. Of these the two entitled to 
the most serious consideration are 25 and 60 cycles. There 
are a large number of 40 cycle units in operation, but it seems 
to. be the general policy of all manufacturers not to extend this 
service, and it will probably be eventually susperseded by 60 
cycles. 

In the discussion of the relative merits of 25 and 60 cycles 
I will quote very freely from a paper presented at the Eighth 
Annual Convention of the Association of Iron and Steel Elec
trical Engineers at Cleveland, Ohio, September 14-19, 1914.* 

Several years ago there was an apparent tendency of the 
large power companies toward 25 cycles, but that tendency is 
now reversed, partly due to improvements in certain types of 
apparatus, such as rotary converters. 

The principal loads handled by general power or central 
station a-c. plants are: first, lighting, including arc, incandes
cent, etc.; second, motor power service; and third, d-c. service 
for various purposes, such as railway, etc. 

In general, there is no particular question regarding the 
better frequency for lighting service, for 60 cycles for direct 
use in both arc and incandescent lamps undoubtedly gives 
better results than 25 cycles. 
. When it comes to motors, either synchronous or induction, 

60 cycles present more advantages in general, except for very 
low speeds; and, even in this case with synchronous machines, 
the choice is in doubt. In the case of induction motors, how
ever, there are certain fields where 25 cycles will show better 
results. This is in very low speed work, or very low speed in 
proportion to the capacity. It is a rule in practically all types 
of generators and motors that the greater number of poles, 

*" Some Electrical Problems Practically Considered," B. G. famine, 
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the greater must be the total magnetizing ampere-turns. In 
windings excited by direct current the number of exciting turns 
may be increased with increase in the number of poles, at a 
certain expense in copper, so that the actual exciting or magne
tizing current may not be excessive, even with a very large num
ber of poles—that is, in very low speed machines. But in in
duction motors the same turns are used for magnetizing and for 
generating counter e.m.f. The latter usually so fixes the 
number of turns in a given capacity and speed of machine, that 
the actual magnetizing current increases very greatly with in
crease in the number of poles, that is, with decrease in speed. 
With a large number of poles, this magnetizing current becomes 
so large in comparison with the work current that the character
istics of the machine are very seriously affected. This increase 
can be limited to a certain extent by increasing the dimensions 
of the machine, that is, its cost. Herein is where 25 cycles 
may give considerable advantage over 60 cycles. For instance, 
a 4-pole, 25 cycle motor will have about the same speed as a 
10-pole, 60 cycle motor. The 4-pole motor should, and usually 
does have smaller magnetizing current than the 10-pole ma
chine. However, the 4-pole machine for the same speed should 
require more material than the 10-pole, on account of higher 
magnetic flux conditions. Therefore, if the 10-pole machine 
were made of larger dimensions than the 4-pole, but utilizing 
the 4-pole magnetic material, its magnetizing current might be 
made fairly comparable with that of the 4-pole machine. How
ever, with the same total useful material but arranged in larger 
dimensions, the idle material, such as frame, supports, etc., 
will be somewhat greater in the 10-pole machine of the same 
speed. Therefore, the cost will probably be somewhat higher. 
Therefore, in general, for equal speeds and equal characteristics 
the 60-cycle induction motor should cost more than the 25 cycle. 
However, for general power distribution with relatively small 
motor capacities, it is not correct to compare a 10-pole 60 cycle 
motor with a 4-pole, 25 cycle. In most cases 60 cycle motors 
of higher speed can be used, such as eight, six and four-pole giving 
respectively 900, 1200 and 1800 rev. per min., neglecting the 
small slip. The higher speed and smaller number of poles in 
general more than ofοset the advantages of the 25 cycle, 4-pole, 
750 rev. per min. motor as regards cost and characteristics ; and at 
the same time, the greater choice in speeds is very advantageous. 
In 25 cycles, the highest speed is 1500 rev. per min. with two poles. 
Experience has shown that, in size and construction a 2-pole 
induction motor has very little advantage over a 4-pole, except 
possibly in very small capacities. Therefore 60 cycles, with its 
4-pole 1800 rev. per min.., 6-pole 1200 rev. per min., 8-pole 900 
rev. permin. motors, has a decided commercial advantage over 
the 25 cycle system with its 2-pole 1500 rev. per min., and 
4-pole 750 rev. per min. motors. 

However, when we compare a moderate capacity 12-pole, 250 
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rev. per min., 25-cycle with, a 30-pole, 240 rev. permin., 60-cycle 
motor, we may find the advantage considerably in favor of the 25-
cycle motor. If all the motors to be used in a given plant were 
of this speed or lower, and there were no other off setting ad
vantages for 60 cycles, such as lighting, etc.; then the proposi
tion would look good for 25 cycles. If only a small percentage 
of the total load is represented by such low speed motors, then 
the 60 cycle supply may make otherwise a sufficiently good show
ing to warrant its use. If we go to the extreme case of moderate 
or even very large capacity motors at 75 to 100 rev. per min., then 
we run into almost prohibitive constructions with 60 cycles, 
either in size or in operating characteristics. At 60 cycles, such 
motors are liable to have power factors so low that the actual 
current taken by the motors is so large compared with the work 
current, that even with poor performance, a very large motor 
is required for a given capacity. At 25 cycles the motors can 
make a very much better showing. Therefore, at the present 
time, 25 cycles represents the most suitable frequency for 
such motors. Hope may be extended for the 60 cycle motor. 
If 60 cycle motors are to be operated at constant speed or even 
under varying or adjustable speeds, it is possible and practicable 
to overcome the difficulty of the poor power factor and large 
current from the supply system by connecting a special low 
frequency exciter in the secondary circuit of the induction 
motor. This will supply the magnetizing current to the sec
ondary instead of the primary, just as in the non-synchronous 
type of condenser already referred to. It does not eliminate 
the magnetizing current in the motor, but simply puts it in 
the secondary circuit. 

The above is a considerable digression from the central sta
tion problem, but it has a direct bearing on the purchase of 
power by mills from central stations. From the above it is 
obvious that for the general sale of motor power to varied 
industries, the 60 cycle central station has a direct advantage 
over the 25 cycle in the great majority of service. 

Since the general tendency of both central stations and isolated 
plants is toward 60 cycles and since very large low-speed units 
are the exception, the weight of evidence is in favor of 60 cycles 
for general industrial work. 

CHOICE OF VOLTAGE 

The general question of voltage concerns itself with the 
length of transmission, the area of distribution, the size of 
individual units, the possibility of future extensions and the 
voltage of neighboring power developments or stations from 
which emergency service might be obtained or with which future 
combinations may be made. In some industries the question 
of safety enters, owing to the nature of the work performed, 
and controls the final voltage. 

All of these elements are largely local, with the exception of 
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size of units. In this regard there are broad lines of stand
ardization laid down toward which good practice is tending. 
Other considerations being satisfied, the following classification 
is representative of average conditions; 

110 volts—up to and including 5 h.p. 
220 volts—up to and including 75 h.p. This voltage is 

probably more generally used in industrial work than any 
other. 

440 and 550 volts—7£ h.p. to 200 h.p. 
. 2200 volts—20 h.p. to 1500 h.p. 

3800 and 4000 volts—50 h.p. up. 
6600 volts—200 h.p. up. 
11,000 volts—not generally used on induction motors. 

Used on synchronous motors from 1000 h.p. up. 
Where a-c. networks are to be installed in cities or in an 

wide spread distribution of small units at low voltage it is well 
to provide 110 volts for lighting and detail apparatus and 220 
volts for motors. 

CHOICE OF PHASE 

There are in general use in industrial work three systems as 
regards phase; one, two and three. 

Single phase is used extensively for small power motors up 
to 10 h.p. and comparatively seldom over that capacity. This 
is probably due to the fact that they may be operated from 
lighting circuits, which in many cases are the only available 
sources of power. Reliable single phase motors may now be 
obtained from several manufacturers but at their best they 
are more expensive than polyphase motors and are not usually 
employed where polyphase circuits are available. 

Between two phase and three phase there has been a long 
controversy which bids fair to result in the ultimate general 
adoption of three phase, if it were not for a comparatively 
new condition to which I shall presently refer. 

In general the arguments in favor of two phase have been, 
that it permitted the use of two voltages in the ratio of two to 
one; that when the center of the two phases is interconnected 
either 50 per cent or 71 per cent of full voltage is available for 
starting squirrel cage motors and hence no auto starters or 
compensators are required; that in transmission and distribu
tion only two transformers are required instead of three; that 
balancing lighting and other single phase load is easier than 
with three phases. 

The arguments in favor of three phase have been that it re
quired only three lines instead of 4; that it is capable of con
nection either in star or delta giving voltages in the ratio of 
1.73 to 1 without any change in transformers; that when oper
ated in delta it permits one transformer or one motor phase to 
burn out and still leave the installation operative at slightly 
decreased capacity; that with the same amount of material in 
generators or motors more capacity can be obtained than with 
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two-phase by the ratio of 0.955 to 0.905 (these two figures 
being the respective " voltage factor " or winding " distribu
tion factor" of the two systems); that everything else being 
equal, a three phase induction motor has slightly higher torques 
and power factor than a two phase motor (this difference is 
very slight and is more an academic than a practical point, but 
it has been raised in this comparison so that mention is made 
of it here;) that in carrying spare single-phase transformers 
for any part of the system they need be only 3 3 | per cent of 
the total kv-a. involved instead of 50 per cent in the case of 
two-phase. 

In weighing these several points the decision has been lean
ing in favor of three phase for some time, until it has seemed 
probable that two phase would take its place in the history of 
the art as having outlived its usefulness. There has arisen 
latterly a problem to which no final answer has yet been made, 
so far as the writer is aware, and upon which he would like to 
hear some active discussion at the present time. It is men
tioned here for the reason that a two-phase system seems to 
be the only one that meets all the conditions, and yet for all 
the reasons given above a thre-ephase system would be pre
ferable. I refer to the question of a low voltage a-c. network 
in cities. There are three conditions to be met: 

1. 110 volts is necessary for detail apparatus such as fan 
motors, household devices, heating, etc., 

2. 220 volts is necessary for general polyphase motor work, 
3. one side or the neutral of all circuits must be grounded. 
The first two of these are self-evident; the third arises from 

the necessity of grounding the neutral of distributing circuits 
which is known to all central station men and also on account 
of the use of so called concentric wiring on single phase circuits. 
This term is used to describe a two conductor, one unit wire 
made up of a central conductor surrounded by insulation, act
ing as one side for a single phase circuit; and this insulation 
surrounded in turn by a hollow conductor, flexible in nature, 
which acts as the other side of the circuit and is at all points 
dead grounded. Such a conductor greatly simplifies general 
wiring and is considerably used in other countries. 

Since this is a digression from the immediate subject it can 
not be elaborated here but further consideration has failed to 
show anything but a 220 volt, two phase circuit grounded at 
the middle points of both phases which would meet all three 
requirements. The resulting four single phase circuits could 
be handled on concentric wiring and the two phase circuit 
would of course be handled as a 4-wire circuit having a grounded 
neutral. 

There are possibly other and better solutions than this and 
if so the present seems to be an excellent time to air them and 
get an open discussion on what must in time become a matter 
of the first importance. 
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EFFECT OF VARIATION OF VOLTAGE, FREQUENCY AND PHASE 
UPON THE PERFORMANCE OF MOTORS 

The variation of these quantities can be considered as hav
ing an immediately perceptible effect upon the operation of 
the motors supplied from the circuit with regard to their torques 
and speed; and a less obvious effect with regard to efficiency, 
power factor, and heating. Since it is the primary function 
of a motor to develop torque at a predetermined speed, a certain 
reasonable variation is allowed in the other characteristics as 
long as operation is not interfered with. 

On normal circuits considerable fluctuations of frequency 
and phase are not apt to be met with. Voltage does fluctuate 
to some extent and practically all manufacturers permit a 
variation from normal of plus or minus 10 per cent. This 
usually takes care of the distribution drop from power house 
or substation to the end of the line. 

Sketching freely, the effect of variations of these quantities 
may be summed up as follows for machines following the ordi
nary rules of accepted design. 

VARIATIONS IN VOLTAGE 
High Voltage 

(a) Increases magnetic density. 
(b) Increases magnetizing current. 
(c) Decreases "leakage cur ren t" (Leakage reactive component in 

terms of current) . 
(d) Increases s tar t ing torque and maximum torque. 
(e) Decreases slip or change in speed from no load to full load. 
(f) Decreases secondary copper loss. 
(g) Increases iron loss. 
(h) Usually decreases power factor. 
(i) May increase or decrease efficiency and heating depending upon 

the proportions of pr imary copper loss and iron loss in the 
normal machine and also the degree to which the iron is sat
urated. 

Low Voltage 
(a) Decreases magnetic density. 
(b) Decreases magnetizing current . 
(c) Increases leakage current. 
(d) Decreases start ing and maximum torques. 
(e) Increases slip. 
(f) Increases secondary copper loss. 
(g) Decreases iron loss. 
(h) Usually increases power factor. 
(i) Same remark as under High Voltage. 
As a general rule machines of standard design will operate 

satisfactorily on a voltage 10 per cent higher or lower than 
the normal rated figure. 
High Frequency 

(a) Increases the speed. 
(b) Decreases the magnetic density. 
(c) Decreases the magnetizing current . 
(d) Increases the leakage current . 
(e) Decreases the start ing and maximum torques. 
(f) Does not change the slip in per cent for same h.p. 
(g) Does not change the secondary copper loss in wat ts . 
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(h) Usually increases the power factor. 
(i) Usually does not materially alter* the efficiency. 
(j) Usually somewhat reduces the heating. 
(k) May result in overload on the motor if connected to a blower or 

centrifugal pump or similar load which changes rapidly with 
the speed. 

Low Frequency 
(a) Decreases the speed. 
(b) Increases the magnetic density. 
(c) Increases the magnetizing current. 
(d) Decreases the leakage current. 
(e) Increases the starting and maximum torques. 
(f) Does not change the slip in per cent for the same h.p. 
(g) Does not change the secondary copper loss in watts. 
(h) Usually decreases the power factor. 
(i) Usually does not materially alter the efficiency. 
(j) Usually somewhat increases the heating. 
The above statements are reasonably correct for a varia

tion of not more than 10 per cent above the below rated fre
quency and in general operation would be satisfactory over 
that range. 

From the foregoing table on voltage and frequency it follows 
that the voltage and frequency should not be allowed to vary 
in opposite directions at the same time, i.e. voltage high and 
frequency low or vice versa. 

It also follows that if the voltage varies from normal either 
above or below and- the frequency varies with it by the same 
percentage, the motor tends to develop the same torque at all 
times with nearly the same operating characteristics at that 
torque. The h.p. developed varies, of course, directly with 
the rev. per min.* 

VARIATIONS IN PHASE 
Variations in phase, as popularly considered, can occur in 

two ways, either by an actual variation from true phase in the 
phase angle or by a higher voltage existing on one or more 
phases than on the others. The results in either case are bad 
and fortunately the condition is not so apt to occur as varia
tions in voltage and frequency. This question is treated thor
oughly in a paper by Messrs. Charters and Hill ebrand in the 
TRANSACTIONS of the A. I. E. E., Volume 28, page 559. Their 
conclusions are that the capacity of the motor is reduced by 
either of these causes and that a relatively small variation may 
cause serious heating. The reason for this appears from a 
consideration of the tendency of a polyphase induction motor 
to balance up the circuit to which it is connected. In order 
to effect this correction, balancing currents flow in the second
ary having such phase and value as will tend to reduce the 
primary current to a balanced relation. If the system is rel
atively small and the motor unit large, practically entire cor
rection may result at the expense of slightly increased heating. 

�Some interesting comparative data on the effect of voltage and 
frequency variations on induction motor performance are given in an 
article by Mr. G. B. Werner, in the Electric Journal, Vol. I l l , page 400. 
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But if the system is large and is unbalanced to any consider
able extent the motor is unable to exert an entire corrective 
effect but does its maximum with resulting disastrous results. 
Data on the exact result of different amounts of unbalance is 
hard to obtain but it is not unusual for the heating to increase 
40 per cent to 50 per cent when the voltage on the lowest phase 
divided by the voltage on the highest phase is as high as 90 
percent. The writer has experienced serious trouble from so 
simple a case as operating a 600 h.p. squirrel cage motor from 
two 300 kv-a. transformers in open delta. In this case the 
slight variation of the third side of the delta from its theoret
ically true value caused sufficient corrective current to flow in 
the motor to overheat it. 

CONCLUSIONS 

The conclusions to be drawn from the foregoing are; 
(1) That 60 cycles is preponderant as a choice for frequency 

for general all-purpose work. For heavy slow speed work 25 
cycles has advantages. 

(2) That present standard voltages are satisfactory and should 
be employed with regard to the size of the unit and pertinent 
local conditions. 

(3) That 3-phase is the most desirable choice for phase. 
(4) That variations in Voltage and frequency 10 per cent above 

and below normal rated values do not seriously impair operation 
and that if voltage and frequency vary together even greater 
variations than 10 per cent may be allowed. 

(5) That all variations in phase caused either by phase shift 
or unbalanced voltages should be avoided so far as possible. 

SELECTION OF MOTORS WITH REGARD TO FREQUENCY, PHASES, 
AND VOLTAGE 

A. E. Averrett: The selection of induction motors with regard 
to frequency, phases, and voltage is perhaps a secondary consider
ation, as these points are of more importance when applied to the 
generating and transmission system, as well as to the motors. 
In fact these points should be considered from the standpoint of 
the entire system of electric generation, transmission, and dis
tribution of power. However, there are characteristics of induc
tion motors which are influenced by the frequency, phases, and 
voltage and some of these effects will be considered. 

The most important points are as follows—efficiency, power 
factor, speed, maximum torque, air gap, starting torque, starting 
current, and last but not least—cost. 

Under the head of frequency, present practise includes from 
125 cycles to 15 cycles, with the general use in this country of 
60 and 25 cycles, and a few 40 and 50 cycle systems; it should be 
sufficient therefore to consider 60 and 25 cycles as covering most 
cases. 

For a given h.p. and speed, the efficiency of a 60-cycle motor is 
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usually slightly better than 25-cycle, but the power factor of the 
lower frequency motors will usually be better. 

From the standpoint of speed 60-cycle motors offer a much 
wider range of speed than the lower frequency, due to the larger 
number of poles. On 60 cycles any speed from 3600 rev. per 
min. down corresponding to the poles can be obtained; on 25 
cycles 1500 rev. per min. is the maximum practical speed. In 
the lower ranges of speed the following are the respective no-
load values, 60 cycles—1800, 1200, 900, 720, 600, 514; whereas 
25 cycles can only have 1500, 750, and 500, at lower speed the 
two ranges come nearer together. 

Other things being equal the maximum torque of 60-cycle 
motors is less than 25-cycle motors, so that for momentary over
loads the lower frequency is superior. 

Since the power factor of low frequency motors is usually 
much better, and especially so on low speed motors, it is per
missible to use a somewhat larger air gap on 25-cycle motors 
than on 60 cycles of the same approximate horse power and speed ; 
this is very noticeable on motors subjected to severe mechanical 
shocks, where the larger air gap is necessary to give increased 
mechanical clearance and prevent the rotor striking the stator. 
As the power factor should be maintained reasonably high, if it 
is necessary to have large air gaps, low frequency is required; 
in fact in certain types of mill induction motors it has been found 
impractical to build a satisfactory motor for 60 cycles. 

Starting torque is usually superior on 25 cycles and while 
the starting current is slightly higher than on 60 cycles the start
ing torque per ampere is nearly always better on 25 cycles than 
on 60 cycles. 

Costs are usually higher on low frequency motors of average 
types because with the present types of iron it is feasible to 
work nearly the same magnetic density on 60 or 25 cycles, in 
which case the sections of iron must be approximately inversely 
proportional to the frequency. This larger amount of iron in 
turn requires a longer length per turn of copper, therefore, the 
weight of active iron on copper must increase very largely. As 
an offset the amount of labor in winding and insulation may be 
less, but the mechanical parts for the same stresses will have to 
be equal and as a net result the total cost and weight will usually 
be somewhat higher on 25-cycle motors than on those of 60 cycles. 
Since the greater number of motors sold in this country are for 
60 cycles the question of quantity production at present helps 
for lower prices on 60-cycle motors. 

NUMBER OF PHASES 

There are practically only single, two, and three-phase induc
tion motors in use and these two latter can be classed as polyphase ; 
since the single phase motor when running near full speed has 
essentially a rotating field, it is comparable to a poor polyphase 
motor. The single-phase maximum output is less than half of the 
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same motor when on a polyphase circuit and, as it is not self-start
ing, a polyphase winding must be used in connection with a phase-
splitting or equivalent device to enable the motor to start. 
In every way the single-phase induction motor is inferior to the 
polyphase. The only reason for using it is, that it requires two 
wires instead of three or more. 

As regards two and three phase, in nearly every case a three 
phase motor is superior to a two phase. The efficiency or power 
factor or both are superior if proper windings are used and the 
cost maintained the same, also the well known saving in copper 
of a three phase line over a two phase applies to the motor cir
cuits. It would seem that from the motor standpoint a three 
phase motor is superior to either the two phase or single phase. 

The question of voltage is largely one of cost; low voltage 
motors are cheaper and more efficient than moderate or high 
voltages in small sizes (roughly under 100 h.p., motors of 200 or 
300 h.p. may well be wound for 2000 volts. Motors for 6000 
volts or more should be used only in large sizes. Low voltage 
is much safer for the attendants. 

It might be stated that low voltage motors usually give better 
operating characteristics but at the expense of increased line 
copper. 

High voltage motors on the other hand save line copper but 
with higher motor costs, poorer operating characteristics, and 
increased danger of breakdowns and injury to attendants. 

Unbalancing of either phases or voltage or both tends to in
crease the heating and reduce the break down capacity, the 
amount depending on the quality of the motor design constants. 

In general unbalancing tends to make a polyphase induction 
motor act as a phase converter drawing current from a lightly 
loaded leg to relieve a heavily loaded circuit, but at the expense 
of extra heating in the motor. 

H. L. Wallau: There is one point brought up by the last 
speaker in connection with two- versus three-phase distribution. 

A system installed in one part of this city, where the distribu
tion is underground, meets the situation in this way. The 
territory supplied is divided into load sections normally indepen
dent, but which can be tied together through junction boxes A. 
See Fig. 2. 

Each section is fed from a bank of two transformers, a 25 kw. 
and a 10-kw. connected in open delta, and located in the middle 
of the section. 

The secondary of the larger transformer is connected 115/230-
volt, three-wire, that of the smaller transformer connected so as 
to give three-phase service in connection with the outer wires of 
the larger transformer. 

The distribution system thus consists of a three-wire lighting 
secondary and a fourth or teaser'wire. 

The leads from the transformers are connected to the low-
tension mains through four-wire junction boxes B. 
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Successive large transformer units are connected respectively 
across phases a-b, b-c, c-a, etc., the teaser units being connected 
across phases b-c, c-a, a-b, etc., thus maintaining practically a 
balanced load on the primary line. 

In case of failure of any transformer bank, all the fuses in the 
corresponding box B are pulled, thus breaking this section 
into two half-sections independent of one another. The fuses 
in the boxes A between these two half-sections and the adjacent 
regular sections are then closed, when each of these adjacent sec
tions picks up half of the load of the section on which the trouble 
occurred. The neutral wires are unchanged and phase rotation 
remains unchanged. 

Primary j | ~ 
Line b = 

, Kw. hKwJ 
W v W W Bank ÐË/J / W 

Neutral Wire ~ 

"" ^Teaser Wire £ 
(1) BoxA(2) 

- Load Section 1 

BoxB(2) BoxA(3) BoxB(3) BoxA(4) 

- Load Section 2--**- Load Section 3 ** 

F I G . 2 — 3 - W I R E S I N G L E - P H A S E 115-230-VOLT SECONDARY WITH 
F O U R T H OR T E A S E R W I R E FOR T H R E E - P H A S E 230-VOLT S E R V I C E — N O R 
MAL CONNECTIONS. I N C A S E OF F A I L U R E OF ANY B A N K , SAY N O . 2, 
A L L F U S E S IN B O X B (2) ARE R E M O V E D AND F U S E S IN B O X E S A (2) AND 
A (3) ARE I N S T A L L E D — N E U T R A L M U S T BE CLOSED BEFORE CLOSING 
2 3 0 - V O L T L I N E S IN A N Y A Box . 

INDIVIDUAL VERSUS GROUP DRIVE MACHINE TOOLS 

C. Fair: The advantages of the electric drive in industrial 
plants in general are well known and its importance in relation
ship to production is becoming better understood each year; 
yet there is much which is still imperfectly understood because 
of conditions which are constantly changing and because of vast 
improvements in electrical machinery. For these reasons it is 
difficult for one, who is not continually in touch with the situa
tion, to keep abreast of the times. 

Originally, lighting was the principal, if not the only, advantage 
claimed for electricity. Little was known of shop equipments 
as we now see them. The first few motor drives were scattered 
and confined practically to line shaft drives and to a few portable 
drills with flexible shafts. The individual motor-driven ma
chine tool was about as much of a curiosity then as an individually 
steam engine driven machine tool is today. As the motor began 
to replace the numerous engines scattered about the shops and 
to break up the long mechanical transmission lines, a great saving 
in power and improvement in continuity of service were noticed. 
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It was during this period that many of the claims of saving in 
power were made that now appear rather extravagant. It will 
be seen how enormous were the power losses when one considers 
that steam was often transmitted to numerous engines for long 
distances, from one or more power stations through small and 
often uncovered pipes; or else the power was distributed by 
long shafts transmitting power from one building to another 
or from one shaft to another, around corners by quarter turned 
belts and to various floors, etc. Much of this shafting was in 
very bad alignment. When the long shaft or any part of the 
long transmission system was broken, it often tied up a large part 
of the plant until key-ways could be cut and the shafts recoupled 
or a section of the shaft replaced, or the belts repaired, as the case 
might be. Within the past two or three years I have been in a 
plant that spread over a considerable area, employing less than 
four hundred men, the machinery of which was driven by twenty-
six engines, the largest being hardly over 50 h.p. 

For a number of years the extreme flexibility of electrical 
transmission has made 'it the standard for power distribution 
in industrial plants, and this had originally much to do with 
the rapid adoption of the electric motor for machine shops. 
The electric motor has now practically crowded out of the 
machine shop the multiplicity of small engines and the long 
line shaft system of transmission. The overhead crane, as we 
now know it, almost owes its existence to the electric motor, 
the cumbersome mechanical transmission having some time 
ago passed into oblivion. Aside from the comparatively few 
portable machines, the largest machines were generally the 
first to be individually motor driven. With the coming of the 
adjustable speed motor and later the high speed steels, the 
future drive for the progressive machine shop is no longer one 
of speculation. 

Today the important questions before the manufacturer are 
how to increase production and how to decrease cost. In the 
majority of cases labor is the greatest cost of production. Thus 
where machine tools are a considerable factor in the production 
and where labor is one of the principal items in the cost of pro
duction, the importance of obtaining a maximum output from 
the tool is evident. Tools that are limited in their productive
ness because of the lack of power at the tool are a source of 
expense to the manufacturer, not only on this account but on 
account of the excessive labor due to the additional time re
quired. The power cost of production is comparatively small, 
roughly varying from one to three per cent, while the labor cost 
is usually a very large item of the production cost, often amount
ing to fifty per cent and upward. If, therefore, by increasing 
the power on a given tool its output can be increased, the 
conclusion is obvious. 

If the plant under consideration be very small and the ma
chines only of fair size, local power conditions might be the 
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deciding factor in the motor applications, and as the current 
available for the smaller shop would generally be alternating 
current, the machines would so far as possible be selected to 
fit this condition. The very size and product of the small 
factory make a desirable layout a comparatively simple matter 
and especially is this true where cost does not warrant the 
necessary outlay to obtain the increased production. 

The question of using alternating versus direct current or 
both, would, to a large extent be decided by the size of the 
plant, the nature of the work, present installation, if any, pro
portion of constant to adjustable speed drives, etc. If the 
shops covered considerable area, it might pay to generate 
alternating current for convenience of transmission and con
vert the necessary direct current. Again it might be advis
able to generate both alternating and direct current. 

Large industrial plants, using many individually driven 
machine tools including metal and woodworking machines, 
would operate advantageously with both alternating current 
and direct current. Alternating current for the majority of 
the constant speed type machine including certain of the ma
chines with mechanical speed changes as drill presses and 
certain type of lathes, shapers, etc., wood working machines, 
group drives, and constant speed auxiliaries, lighting and to 
a certain extent transmission, etc.; direct current for all ad
justable speed machines and for machines, the duty cycle of 
which can best be taken care of by the d-c. motor. 

The choice of constant-speed motor drives in combination 
with the all geared speed change machine versus the adjust
able speed motor driven machine depends largely upon the 
kind of machines under consideration, and upon the work, for 
instance, on all geared head lathe turning only straight away 
work, such as axles, shafts, etc., the constant speed motor 
would be satisfactory, but for work constantly changing in 
diameter or for facing and boring operations, or where the 
work must be stopped many times for callipering or fits, or 
for running off small cuts rapidly until the heavier cut is met 
or for cutting up against shoulder, etc., the d-c. adjustable 
speed motor has all the advantage. Not only can the speeds 
be instantly and conveniently changed when wanted, but the 
machine can be quickly stopped by means of dynamic braking. 
In the case of automatics, semi-automatic machines, etc. the 
motor speeds can, of course, be easily changed automatically. 
There are in fact hundreds of cases where production can 
materially be increased by the use of adjustable speed motors. 
The direct-connected, reversing d-c. motor-driven planer is 
another example of increased production due to adjustable 
speed motor and to the flexibility of the control. The properly 
combined unit of machines, adjustable speed motor and con
trol can be made to accomplish much toward increasing pro
duction. 
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Some of the advantages claimed for the direct-connected tool 
are as follows: Maximum output of the tool due to greater 
power and overload capacity, absence of slipping belts, closer 
speed regulation which allows a maximum cutting speed for 
metals of varying degrees of hardness, rapid speed changes, 
quick starts, stops, reversals, independent operation of aux
iliaries and ease of manipulation through convenient control 
stations. 

Elasticity in the arrangement of tools: Tools can be ar
ranged to the greatest advantage for sequence of operation 
in routing work, and also for good lighting as well as for com
pactness when necessary. 

Ease of adding new tools and of moving and rearranging 
tools: Ease of adding new tools means a great deal in grow
ing plants. Rearrangement becomes necessary after reason
able growth or because improvements in methods of manu
facture call for a better routing of work. 

Head room for cranes, hoists, etc. For example, note the 
expensive manner in which work is often handled because belts 
or shafting interfere with the installation of cranes or hoists. 

Facility for running only such tools as are required for over
time work. 

To a large extent the elimination of belts and belt troubles. 
Safety to operators: The individual motor drive offers abso

lute protection to the operator from accidental starting up 
of the machine by merely opening a switch. Machines so 
protected cannot be started unexpectedly by the starting up 
of line shaft, the creeping of belts from loose to tight pulley, 
the sticking of clutches, etc., or by the accidental tripping of 
clutches by the operator. This additional safety is of particular 
advantage on machines requiring certain setting up operations, 
as on punch presses, etc., also by the fact that machines can be 
quickly stopped from any one of a number of the motor control 
stations. 

Some of the indirect advantages are: Power distribution 
not only for tools, stationary or portable, but for lights, cranes, 
elevators, furnaces, welders, transportation, etc. Power and 
light can be had quickly and cheaply in any part of the build
ings or yard, permanent or temporary without regard to struc
tural conditions. 

Unobstructed light and sanitation: Numerous belts ob
struct light, whether natural or artificial. 

Competition today necessarily means the monotonous du
plicate system of manufacturing wherein the individual makes 
only one part of the finished product. It is now recognized 
as not only desirable but as an economy that some form of 
interest be restored to help break this monotonous routine of 
duplicate manufacturing. This can and is being accomplished 
in a manner by making the surroundings attractive. Individual 
drive not only increases production, but reduces to a minimum 
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many of the unattractive features of the shop, such as over
head revolving pulleys, masses of moving belts, noisy trans
mission, stirring up of oil and dust, and bad lighting conditions. 
Electric drive also reduces many heavy manual operations to 
a minimum by the use of auxiliaries. It pays to capitalize 
cheerful surroundings. 

The general use of high-speed steel has made it not only 
possible but necessary for economical production, that the 
cutting speed be increased in order to meet competition. 
Increasing the cutting speed naturally means more power; 
and while much has been said from time to time regarding the 
increased production and saving in power due to applying the 
power direct to the tool, yet the writer has very serious doubts 
if anything like the real importance of this direct application 
of power is realized in many cases, even by those who are ad
vocating it. For instance, the saving of power is looked upon 
generally as a matter of how much of the transmission friction 
load can be saved, and, though this saving may amount to 
50 per cent, it is in many cases only a part of the real saving 
as has been proved by numerous tests made by the writer. 

The slipping, due to a belt not being able to pull its cut, means 
waste power and loss of production. If the cut be heavy 
enough the maximum slip will be reached when the machine is 
stalled, the power input remaining approximately the same. 
The load is now entirely one of friction due to slip in the belt. 
A familiar illustration of this fact is that of an operator de
creasing the depth of his cut on account of the slow down, because 
the belt will not carry the load. The solution of this would seem 
to be increase the size of the belts. This will suffice in some 
cases, but there are numerous instances where either there is not 
room to increase the width of the belt or if step cones be used the 
number of steps will have to be decreased. Such means as 
multiple countershafts or additional gearing must be included 
to complete the speed range. Furthermore, it is difficult to shift 
large belts, and this method generally results in much loss of 
productive time. 

As previously mentioned, up to a few years ago in the majority 
of shops where motors were used they were usually belted to the 
line shaft or the countershaft of the tool. Adjustable speed 
motors were not so commonly used then as now, nor were they 
made in the great variety of sizes and speeds now obtainable. 
Today, especially in the case of new tools with their requirements 
of high power and close speed regulation, it becomes not only 
more convenient, but in many cases almost a necessity, to apply 
the motor directly to the tool. 

In driving tools with individual motors it will be noted that the 
motor not only supplies the power and speeds best adapted to the 
tool, but that in the case of variable speed tools the speed range 
of the adjustable speed motor alone will, in many cases, cover the 
entire speed range of the tool. The motor and its controlling 
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apparatus should, whenever possible, be connected directly to the 
tool, thus making a compact unit, which has also the additional 
advantage of allowing the entire machine to be moved by simply 
disconnecting the leads and connecting them in the new position 
In the case of protable tools, this, of course, is an absolute 
necessity. 

The advantages of individual motor drive for large tools and 
for certain of the smaller tools have been conceded for years, but 
there are many tools where either the cost of the motor or the cost 
of applying the motor to the tool is prohibitive on account of the 
construction of the machine. This cost could be modified by 
making the motor a part of the tool rather than a mere addition 
to it. 

Better drives are possible now than formerly, due to the greater 
motor speed range obtainable, to the decrease in size of motor 
per horse power, to motor characteristics which specially adapt 
them to the work which they are to do, to more perfect balance 
of the rotating parts at high speed; and, to a certain degree, to 
improvements in gears which allow higher speeds without 
excessive vibration and noise, and to the many recent improve
ments in control. 

Considerable difference of opinion has developed as to the 
advantages of individual versus group drives, and while it is 
generally agreed that it is advantageous to have the larger tools 
individually driven, the agreement by no means extends to the 
smaller ones. Under certain conditions there is no question as 
to the advantages of the individual drive for small tools, as, for 
example, where small tools are necessarily placed among larger 
ones, or to allow convenience in the placing of tools in the 
assembling departments, etc. 

There are naturally many machines working under conditions 
that would not justify the outlay necessary for driving them by 
individual motors and these machines should be grouped and 
driven by a single motor per group. When the work of actually 
equipping a factory with motor drive is undertaken, it is necessary 
to study the conditions of operation, which vary greatly with 
the product manufactured. The arrangement of a factory may 
be entirely different if many motors instead of a few groups are 
used. Simply the difference in the position of a number of the 
tools may greatly facilitate the handling of material. 

When direct connected drives are to be installed in a new 
building, a substantial saving in the actual cost of the building 
can be made by omitting the necessary reinforcements, inserts 
or provisions that are usually made (depending on the con
struction of the building) for carrying the line shaft and numerous 
countershafts. This saving, together with the cost of line-shafts, 
counter-shafts, hangers, pulleys, clutches, belts, etc., should be 
taken into consideration when figuring the cost of the electrical 
installation. 

In conclusion, we cannot help but call attention to the greatly 
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increasing number of individually motor driven tools which is 
due primarily to the fact, as has been shown, that the tool so 
equipped can do more work, can do it better, and do it cheaper. 

FACTORS INVOLVED IN MOTOR APPLICATION 

R. W. Davis: The following remarks upon the effect on 
motors of frequency, phase,· and voltage are based upon in
duction motor applications, since this type of motor predominates 
in commercial drives and is continually becoming more and more 
important with the increase in development of alternating current 
power. 

The frequency to be employed is fixed by considerations 
entirely independent of the motor application in the majority 
of cases. The small power user generally buys power from a public 
service company and must adopt the frequency available, usually 
60 or 25 cycles. In a few special applications, as, for example, 
driving machine tools, the flexibility of speed control warrants 
the installation of a motor generator set and direct current motor 
drive. Large users of power frequently have their own gen
erating plants and can exercise more or less choice in the selection 
of frequency. Even then some consideration must be given 
to the frequency supplied by the neighboring power company, 
for in case of serious damage to the power plant, it might be 
desirable to obtain temporary service from the electric company. 
If the frequencies are the same, the most that will be needed will 
be a set of transformers; while if the frequencies are different, 
a frequency changer must be installed with possibly trans
formers in addition. 

Assuming that the amount of power required or local con
ditions are such that the power user is free to fix upon a frequency 
entirely independent of the public service company, the choice 
of frequency is dependent upon the service. Where very low 
speeds and large overload capacities are required, as in rolling 
mill service, a frequency of 25 cycles should be employed; for 
the efficiency, power factor and overload capacities of a 25 cycle 
induction motor are inherently good. The 25 cycle motor really 
lends itself to the heavy rugged construction required by steel 
mill service. 

The 60-cycle motor has approximately the same efficiency as 
the 25-cycle machine, but poorer power factor and lower over
load capacity for a given rating and speed, and is usually a lighter 
and cheaper machine. A number of installations have been made 
with a frequency of 40 cycles and have given excellent service. 
The efficiency is about the same as for 25 or 60 cycles and while 
the power factor and overload capacity are lower than for a 25-
cycle machine, they are much better than in a similar 60-cycle 
motor and compensate for the slightly greater cost. Forty-
cycle motors can be built with good power factor and relatively 
large air gaps. Motor purchasers often fail to pay sufficient 
attention to power factor and air gap and consider power factor 
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only from the dollars and cents point of view of supplying current 
to the motor. The power factor of an induction motor is almost 
directly proportional to the radial length of air gap, and the 
motor with the large air gap, though possibly costing slightly 
more for power, is much more reliable and will save enough in 
repairs, operator's time and fewer shut-downs to make up the 
difference in power cost m a n y times over. In continuous 
operations a single shut-down will frequently cause a loss several 
times greater than the original purchase price of the motor. 

The speeds obtainable with the different frequencies is an 
important item, and in this respect the higher frequencies have 
a very decided advantage. With 25 cycles the higher syn
chronous speeds are limited to the following; 1500, 750, 375, 
300, rev. per. min. while with sixty cycles the corresponding 
speeds are 1800, 1200, 900, 720, 600, 514, 450, 400, 360, 327 and 
300 rev. per min. These include the 25 cycle speeds with the 
exception of 1500 rev. per min. and in addition the important 
speeds of 1800, 1200, 900, 600 and 450 rev. per min. which are 
not available with a 25-cycle system. 

The number of phases is frequently determined by the power 
supply available and is not open to choice. Three phase 
power should be used for motor drive wherever possible since 
the characteristics of a three phase induction motor are much 
better than those of a two phase machine. 

The choice of voltage is dependent upon a number of factors, 
and the voltage adopted should be that one which will give 
the best average service, due consideration being given to the 
cost of motor, switches, lines, transformers, general reliability, 
etc. Considering this from the motor standpoint, we find 
that the percentage of slot area taken up by the insulation is 
a very important factor and is more or less dependent upon 
the size and speed of the motor. Induction motors differ from 
synchronous machines in that they require more slots per 
pole to give satisfactory operation, and the percentage of total 
slot space taken up by the insulation is therefore greater. As 
the size of the motor increases, the slot pitch usually becomes 
greater, permitting the use of wider and deeper slots. The 
number of slots increases with decrease in synchronous speed 
for a given horse power and frequency. Hence speed as well 
as the horse power of the motor should be considered when 
selecting the voltage. On account of this, small motors, say 
up to about 50 h.p. capacity, and medium size slow speed motors, 
should be wound for 550 volts or lower. A voltage of 2200 is 
satisfactory for medium size standard speed motors and all 
large machines. 

Conditions are such in many cases that it is desirable to 
wind the motors for a voltage higher than 2200. This is prac
ticable where the amount of power per unit is large. There 
are a large number of induction motors wound for 6600 volts 
which have been in operation for a number of years and which 
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have given entire satisfaction. A very few induction motors 
have been wound for service on 12,000 to 13,200 volt lines. 
These voltages require a very large number of turns per coil, 
and even in the largest machines a considerable portion of the 
slot space is taken up by insulation. Motors of this character 
are liable to be broken down between turns inside the coil by 
line surges caused by high-tension switching. It seems very 
questionable to the writer whether it is desirable to wind any 
induction motor for higher than 6600 volts. 

The small variations of voltage and frequency such as are 
usually met with in ordinary commercial service do not have 
any material effect upon a standard 40 deg. cent, induction 
motor. By this I mean that the motor will continue to carry 
its load without overheating. The adoption of a 50 deg. cent. 
maximum rating as a standard may require closer regulation 
of the power supply. The materials in these machines will 
be worked harder and there will be a somewhat smaller factor 
of safety than with the normally rated motors, hence the effects 
of deviation of frequency and voltage from normal will prob
ably be more appreciable. 

GROUP vs. INDIVIDUAL ELECTRIC DRIVE 

H. R. Johnson: There is perhaps no phase of the problem of 
applying electric motors to factory drive, involving a greater 
number of debatable points than that of the choice between 
individual or group drive. For this reason little more can be 
attempted in a short discussion than to outline the more im
portant determining factors. Generally speaking, it may be 
said that properly planned individual motor drive always rea
lizes in the highest possible degree all the manifold operating 
advantages of electrical power distribution and application. 

Group drive still has, and always will have, a field of useful
ness in which it is superior, all things considered, to the method 
of individual motor drive. Nevertheless, results obtained in 
comparison with the best methods of group drive show that, 
when a company can afford the initial cost of separate motors, 
their use generally results to the greatest ultimate economy, 
as well as convenience. 

Probably the most important advantage of individual drive 
is the possibility of increased production. This increase may 
result from a number of different causes and ranges in amount 
from the moderate gain due to greater reliability and fewer 
interruptions with ordinary constant speed machines, to the 
tremendous increase in capacity achieved with some of our 
most modern machine tools with automatic or semi-automatic 
electrical control and precise speed adjustment for both cut and 
feed. 

Adjustable or multi-speed motors with ordinary hand control 
net a very considerable saving in time required to effect speed 
adjustments, as compared with mechanical arrangements in-



2724 MOTOR APPLICATIONS [Marchio 

volving cone pulleys or gear changes; this advantage is further 
accentuated by the ready practicability with which simple con
trol levers can be placed convenient to the operator's hand, 
while remaining in a position to closely observe the work being 
done, thus increasing production not only directly but also 
indirectly by reason of finer control of operations and conse
quent smaller percentage of outages. 

In line shaft (or group) drive, every successive belt through 
which power is transmitted from the primary source to the 
tool itself gives a drop in speed of 2 to 3 per cent (often more) 
which may in some cases result in a serious reduction of speed 
at the tool or, if the load is variable, an annoying speed pulsa
tion. On some very fine work, such as textile loom drive, the 
more precise speed maintained by individual motors actually 
improves the quality of manufactured goods, as well as increasing 
production by at least three or four per cent. With improved mod
ern tool steels it is often desirable to increase the speed and depth 
of cut of old belt driven machines. In such cases considerable 
trouble is often experienced with slipping belts, while in occa
sional instances the allowable size of belt and pulley simply will 
not satisfactorily transmit the required power. Fortunately 
it is generally possible to mount an individual motor on the 
machine frame and to effect a positive gear drive. 

The readiness with which the most elaborate controls can 
be accomplished electrically, brings very important time sav
ing possibilities within the reach of such industries as those 
of cloth and newspaper printing. Not only is delicate and 
positive speed adjustment made possible, without the use of 
cumbersome mechanical devices; but more important still from 
a productive standpoint, a great deal of time is saved in pre
liminary or make-ready operations, by means of extremely low 
obtainable speeds and " jogging " features. 

Specific examples in which individual electric drive makes 
possible small or large increase in productive capacity or sav
ing in time, which amounts to the same thing, could be mul
tiplied almost indefinitely. We believe that almost any ma
chine which requires operating speed adjustments, and many 
others besides, can be made to produce from 5 to 50 per cent more 
with individual motor than with group or shaft drive. 

Probably next in importance to increase of production is 
the power saving with individual drives. It must be admitted 
that even with properly planned group drive a good deal of 
the friction load will have been eliminated. Although main 
line shafting and belting may have been eliminated, there 
still remains, practically the same, or an equivalent, system 
of secondary belting or countershafting. It is seldom indeed, 
evιri in the best examples in practise, that groups are laid out 
to avoid " idling "of a large proportion of the driven machines. 
In general machine shop work, for example, the percentage 
of machines momentarily idle at any given time may run as 
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high as 60 per cent. Wherever such operating conditions ob
tain the use of individual motors, whose power demand ceases 
the instant the driven machines are shut down usually results 
in a power saving of 10 to 50 per cent and frequently more. 

Opposed to the possible increase of production and salvage 
of wasted power accomplished by individual drive is the increased 
initial cost. The point is well illustrated by the accompanying 
curve, Fig. 3, showing the rapid increase in cost of motor equip
ment when composed of small units. The figures are drawn 
from actual retail prices for constant speed d-c. motors with 
pulley and sliding base, speeds chosen being in the neighborhood 
of 1100 revolutions per minute for small sizes and about 700 
revolutions per minute for larger units, i.e., speeds somewhat 
lower than the practicable limit for belted drive. The com
parison in practise would be still more striking since belted 
motors driving shafting could often be chosen at higher speeds, 
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while geared individual motors would often need to run at a slower 
rate. Furthermore, in order to realize one of the principal objects 
of individual drive, the smaller motor might need to be of the 
adjustable speed type and hence involve a higher initial expense. 

Considering any rationally possible saving in first cost of 
shafting, hangers, etc., when using individual drive, this cost 
would be largely offset by the expense of installing the greater 
number of motors, involving as it would in many cases necessary 
alterations in the mechanism of the driven machine as well as 
the construction of supporting brackets, extra conduit work for 
wiring and possibly the charge for expert designing and drafting. 

It will readily be seen, therefore, that to justify the extra cost' 
of individual drive, the material advantages gained must be in5 

proportion. The investment is amply justified by any ap
preciable increase in production. In general, the cost of power 
and fuel is only 2.5 to 3.0 per cent of the value added or created 
in manufacturing processes, as shown by the U. S. Census of 
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Mfg. Industries, while the wages (exclusive of clerks and salaried 
help) is practically six times that amount. A glance at these 
figures shows precisely why, almost regardless of the running 
or investment charges on the motive equipment, a large majority 
of manufacturing plants profit very substantially by the use of 
individual drive. An apparently small increase of production 
will amply justify a large percentage increase in the cost of power, 
since the latter is always a very small element in total cost of 
production. 

Besides the points already discussed there are a multitude of 
by no means unimportant advantages attendant on the use of 
individual drive any one of which may prove determining factors 
in making the proper choice; these features all have a more or 
less direct result in increasing production or improving the 
quality of the manufactured goods. For example, individual 
drive makes possible a shop whose overhead space is unobstructed 
by shafting, pulleys and belts, thus permitting: 

1. Better light and circulation of air. 
2. Less dust, dirt and noise. 
3. Less expensive building construction. 
4. Unobstructed handling of materials by traveling cranes. 
The change from group or line shaft drive results in a sub

stantial improvement in the safety conditions under which the 
operators at and about various machines are permitted to work. 
The lessening of risk from the mere elimination of shafts, belts 
and other cumbersome devices for mechanical power transmission 
may be best appreciated by a study of literature devoted to the 
subject of accident prevention, as well as of various state laws 
requiring the guarding of shafts, belts, rope and chain drives, 
gears, pulleys and couplings. The First Annual Report of the 
Massachusetts Industrial Accident Board, 1914, shows 3.6 per 
cent of fatal, and 2.75 per cent of non-fatal accidents to be due to 
belting, gears, shafting, set.-screws, couplings, etc. In addition 
"falls", which present a formidable total, are undoubtedly 
contributed to by the presence of mechanical power trans
mitting devices. 

After all, individual drive gains its strongest claim as a pro-
motor of personal safety because of the ease of control over 
ordinary operations, the possibility it offers of perfecting at a 
reasonable cost, the most elaborate automatic controls for special 
operations, or centralized controls for intricate and extensive 
machinery systems which should be operated as a unit; in 
addition to the ease with which automatic stop buttons and 
levers can be arranged at points convenient to any one of several 
operators or attendants at a single machine, or at points where 
hazardous operations are to be performed. Examples of such 
accident saving control features might be multiplied without 
end, did space permit. 

Individual motor drive, by merely opening a switch, offers 
absolute protection against accidental starting of machinery, 
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all danger of such an occurrence due to the unexpected starting 
up of line shafting, the creeping of belts from tight to loose pul
leys, sticking or accidental tripping of clutches being at once 
eliminated. 

The reduction of nervous strain and the beneficial effect on 
precision of movement and keenness of the sight and hearing 
due to improved lighting and ventilation with reduction of 
noise, dirt, dust and delays resulting from the change to in
dividual motor drive are important indirect contributors to the 
cause of accident prevention. 

Another very important point is the ideal freedom allowed in 
arranging machinery, without reference to the location of shafting 
and with an eye single to the most advantageous handling and 
routing of goods in the manufacturing process, to space economy, 
rearrangements, enlargements, etc. 

Individual drive provides insurance against serious inter
ruptions of production due to failure of any one motor, since the 
difficulty affects only one machine instead of an entire group or 
department. 

Not the least important advantage of individual drive is the 
readiness with which the system lends itself to accurate tests of 
power consumption by separate machines. By means of record
ing instruments the rate of production and duty cycle can be 
accurately checked, thus furnishing accurate data for cost 
accounting, piece work pricing, and possible change in the size 
of the motor used for the drive. 

By similar means a ready check is afforded upon the physical 
condition of the machine and cutting tool. Wood-working tools 
in particular, due to dulled or misaligned cutters, may absorb 
two or even three times the power normally required for the 
kind of work being done. The extra power not only is wasted 
but is liable to react injuriously upon the machine itself by way 
of strained parts or heated bearings. By systematic occasional 
readings of power consumed while running light and loaded, 
faults may be found and corrected before serious loss or trouble 
occurs. This particular phase of the subject is likely to attract 
much more attention in the future than in the past. 

Conditions that point strongly to group drive as the proper 
choice are : 

1. Groups of constant speed machines which may be arranged 
to run continuously, or simultaneously. 

2. Compact groups (i.e., those requiring only short lengths 
of countershaft) where, due to the diversity factor in operation, 
the h.p. rating of a single motor to drive all machines together 
may be considerably less than the combined h.p. necessary to 
equip all with individual motors. (This is especially true when 
motor rating is less than 2 h.p. each.) 

In neither of the above cases could the power consumption 
be greatly reduced by individual drive nor, since only constant 
operating speeds are required, would the increase in produc
tion be more than a nominal amount. 
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3. Groups of similar constant-speed machines which, due to 
extra heavy starting demands or momentary peak load require
ments, would require motors for individual drive considerably 
in excess of the average running load. 

4. Groups of very small machines where, despite some sav
ing in power, individual motors would be unreasonably costly 
and inherently somewhat less rugged and reliable than larger 
sizes. 

Any considerable increase of production would, however, 
justify individual motors in such a case. 

To summarize, the only practical disadvantages of individual 
drive are higher first cost of equipment and, in the case of very 
small motors (fractional h.p. sizes) a slight inherent reduction 
in ruggedness and reliability. Among the advantages to be 
gained are: 

1. Increased production. 
2. Saving of power. 
3. Possible improvements in arrangement of machinery, sav

ing in cost of millwrighting, and building construction, free 
overhead space, better light and air, increased safety, etc., 
which may be grouped under the heading of " attendant ad
vantages." 

The ultimate choice will depend in any case upon the im
portance attaching to the various factors with reference to the 
particular factory conditions to be met, affected to some extent 
by the tastes and preferences of the customer's personal repre
sentative. 

SAFETY FIRST IN MOTOR APPLICATIONS 

W. C. Yates: People not fully informed might infer, from 
the present widespread attention that is being paid to ways 
and means of safeguarding workmen from accidental injury, 
that practically no thought had hitherto been given to an 
obviously most important matter. Such is not the 
anyone who cares to investigate can readily learn. It is not 
proposed to discuss here the reasons for the awakened general 
interest in the movement which has for its slogan " Safety First." 
Our subject deals with motor applications, and it will be noted 
that many of the precautionary measures advocated in the 
following have been in force for some time. The really new 
ideas, as represented in certain recently designed motors and 
controlling devices, also by installation features of novel char
acter, indicate that the latest steps are toward protecting the 
operator, electrician, cleaner, repairer, or anyone who may for 
reason or no reason, handle or tamper with the equipment, 
against any grievous results of carelessness, negligence or 
ignorance. There have been for many years safeguards ade
quate for an intelligent workman exercising a reasonable 
amount of care. 

The field of application of the electric motor constantly 
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broadens and becomes more diversified. In these days it is 
out of the question, perhaps even undesirable, to place the 
operation of all motors in skilled and intelligent hands. Much 
motor-driven machinery is operated by men whose knowledge 
of mechanics and electricity is absolutely nil. It is necessary 
to protect each against the other, and " Safety First " concerns 
the protection of the man. 

Safety First in motor applications could be considered to 
embrace precautions taken in the whole system of which the 
motor is a part; including the power plant, transmission, trans
formers, internal wiring, etc. on one hand, and the safeguards 
placed on the driven machine on the other. This discussion 
will be confined to the motor and its control, beginning with 
'the leads supplying power, and ending at the pulley, pinion, 
clutch or coupling through which the motor transmits power 
to the machine. 

T H E MOTOR 

Wiring to the Motor: The danger here is one of electric shock 
and can be guarded against by: 

1. Bringing the line leads through conduit to a conduit box 
enclosing the motor terminals. The conduit should be elec
trically connected to the motor frame. Up to date types of 
motors, having terminals mounted upon terminal boards, are 
designed to receive standard conduit fixtures for enclosing the 
terminals. 

2. Bringing the motor leads through bushings in the frame 
and using thoroughly insulated and protected connectors for 
connecting to the line leads. 

3. Placing the motor out of reach or in a pit with the term
inals under the motor. 

There are, of course, special cases which demand special 
treatment. For instance, crane trolleys must of necessity be 
bare and should be suitably guarded and danger signs erected 

. where workmen may have occasion to come in close proximity 
to the wires. 

The Motor. The motor offers possibilities of both electric 
shock and mechanical injury. The guarding of the terminals 

' has already been referred to. In addition: 
1. The frames of all motors operating on high voltages, such 

as 2300 should, without question, be permanently and effec
tively grounded. Grounding of the frame is also essential on 
lower voltages in installations where dampness, acid fumes, or 
other deteriorating agencies can affect the insulation. 

The question is still open as to the advisability of grounding 
motor frames as a general practise on the lower voltages. The 
A. I. E. E. Standardization Rules demand high potential tests, 
which are amply sufficient to ensure improbability of the motor 
windings grounding. It should be borne in mind, however, 
that insulation deteriorates with time, and after several years 
service it is not reasonable to suppose that the same factor of 
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safety exists. It is best to be on the safe side, and to be ab
solutely so it might be well to ground motor frames on all cir
cuits of 250 volts and higher. 

2. In the design of motors the tendency in the frame design 
is properly toward so enclosing the rotating parts that injuries 
caused by the rotating armature and ventilating fan cannot 
occur. Sufficient ventilation is provided by perforated strips 
or sections of coarse mesh set into the bearing heads, or by 
providing for the flow of air around the bearing housing. 

Motors, not so protected, should be so located or guarded 
by a rail or shield as to make it impossible for the hand, any 
other part of the body, or the clothing of anyone to be accidently 
caught. 

3. Gears, pulleys, couplings, slotted shafts and all other 
rotating parts should also be so shielded as to make accidental 
contact with them impossible. In the case of back geared 
motors the motor manufacturer should supply a proper gear 
case or guard, unless it is known that the complete machinery, 
of which the motor is a part, makes such provision. 

It should not be overlooked in the case of motors made with 
shaft extensions at both ends, and where but one extension is 
in use, to guard the other shaft end. Some types of motors 
are manufactured as standard with a shaft extension for a 
solenoid brake, whether the latter is used or not. Where the 
brake is not furnished with the motor, the manufacturer should 
provide a suitable shield to cover the superfluous shaft extension. 

THE CONTROL EQUIPMENT 

The features essential to a safe control equipment may be 
grouped under headings as taken up in the following: 

Protection from Electric Shock or Burns. It is naturally im
possible to treat the control like the motor, as the former must, 
in the great majority of installations, be manually operated direct
ly or indirectly. Similar considerations, however, apply to 
the guarding of terminals and connecting leads, and to the 
grounding of enclosing case and conduit. 

In general, protection of the control equipment can be afforded 
by resorting to one or more of the following four classes : 

Class (A) Protection. Out of reach, at least 6 feet, six inches 
above the floor level. 

Class (B) Protection. Mechanically enclosed, but necessary 
to open doors or covers to operate. 

Class (C) Protection. Mechanically enclosed, but not neces
sary to open doors or covers to operate. 

Class (D) Protection. Protected by guard rail. 
Under class (A) may be grouped either electrically or mechan

ically remotely controlled switches, circuit breakers, contactors, 
rheostats, and any other devices which are indirectly operated 
and may therefore be located out of reach. Automatic starters 
for pumps, controlled by a float switch or a pressure switch, belong 
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in the same category. In all such cases a disconnecting switch 
should be installed so that an authorized person may be able to 
make the control dead while doing any work upon it. These 
same remotely controlled appliances may naturally, if desired, 
be protected in accordance with Classes B, C or D. 

Under Class (B) may be grouped control equipments infre
quently operated, and then only by an experienced and depend
able operator. Starters and speed regulators for continuously 
running motors may be properly thus protected. 

Class (C) comprises all control devices liable to frequent 
handling, such as drum controllers, master controllers, push 
button switches, auto-starters, and other types of motor starting 
or regulating switch mechanisms used with motors put to service 
which demand more than occasional starting or speed regulation. 
Such service embraces shop tools, cranes, printing presses, textile 
machines and the like. 

In Class (D) may be placed control equipment fox group drive, 
large motors or for other such service as requires infrequent 
starting or stopping, and may be isolated from machinery around 
which men are at work. Examples of such installations are 
motor driven compressors, fans, conveyors, etc. 

Where the replacement of fuses is left to workmen who are 
not experienced electricians, provision should be made to so cover 
the fuses that the cover cannot be removed without first opening 
the line switch, or else to provide an insulated fuse holder by 
means of which the fuse may be withdrawn from its clips and 
a new one inserted with no possibility of the hand coming in 
contact with any live parts'. 

Circuit-rupturing parts should be so shielded or enclosed that 
any arcing cannot injure the person operating the control 
equipment. 

Protection from Mechanical Injury. Controlling devices in 
themselves offer little likelihood of injury other than electric 
shock or burn. There are, however, possibilities of injury from 
the motor-driven machine that must be taken into consideration. 
No-voltage protection is essential in all installations in which, 
when power has failed, the resumption of power causing the 
machinery to unexpectedly restart would be liable to harm 
anyone who might be at work about the machine. When the 
power goes off it should be possible only for the operator to 
restart the motor. 

In the case of any machine, such as a newspaper press, which 
may be operated by an automatic starter controlled from more 
than one control station, a safety switch should be installed at 
each station which may be opened at any station to prevent 
the starting of the motor from any other station. 

Provision should be made for the locking against operation 
of controlling appliances of machinery on which anyone may be 
working not in full sight of any one else who might manipulate 
the controller to start the motor. 
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Limit switches, stopping the motor independently of the 
operator, are essential to safety on machinery such as hoists, 
where overtravel could result in damage. 

It is essential to install suitable brakes on cranes or other 
machinery which upon failure of voltage or other opening of the 
circuit will prevent a descending load or continued running of 
the machinery from causing damage. Safe braking depends 
upon the nature of the installation. Best practise provides a 
crane either with one mechanical load brake and one solenoid 
brake, or else with dynamic brake and two solenoid brakes. A 
crane control equipment should also include, mounted within 
ready reach of the operator, a switch the operating knob of which 
may be quickly struck by the operator to open the circuit to all 
motors on the crane. Many machine tools require dynamic 
brake protection which should be provided wherever an emer
gency stop would ever be necessary to prevent damage. 

Passenger-carrying hoists and elevators demand extra pro
tective features peculiar to such service, and need not be 
dealt with in this discussion. 

In General: Controlling appliances should contain only such 
circuit manipulating devices as will clearly indicate whether they 
are closed or open. 

All controlling devices and equipments should be clearly 
marked to indicate the use for which they are intended and all 
terminals should be marked so as to make proper connections, 
a matter of no difficulty. 

Controlling appliances should be made, as far as possible, so 
that in case of failure of any part of the mechanism the results 
will not be dangerous. 

When installed under conditions where gas or combustible 
flyings may accumulate, controlling devices should be effectively 
closed to prevent explosions. 

In conclusion it may be in order to make a plea for the main
tenance of the full significance of the term "Safety First," which 
should not be used in the advertising or exploitation of any 
device or equipment that does not actually conform to all 
reasonable requirements. There is danger that, if used too 
generally or inappropriately, this trademark of protection to 
life and limb may be perverted by the careless and become 
meaningless. 
CAPACITY AND TYPE OF MOTOR WHICH MAY BE THROWN ON OR 

USED ON SYSTEMS, FROM THE STANDPOINT OF CENTRAL 
STATION COMPANIES 

R· F. Schuchardt: Central stations, being in business to supply 
electrical service to everybody who has need for it, would 
naturally prefer to run "wide open"; that is, to have no restric
tions whatever on what may be connected to the system, in order 
to make it simple and easy for consumers to receive service. 
Unfortunately, however, such absence of limitations would bring 
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about conditions which would greatly impair the quality of the 
service rendered, not only to the consumer having undesirable 
apparatus but to all others on the same circuit. There are also 
other limitations prompted by commercial considerations; that 
is, by the cost of furnishing the service compared with the 
probable income to be derived from same. In this latter class 
belongs the rule which requires that all alternating current 
motors of less than 5 or º\ h.p. shall be single-phase, since 
the cost for the extra transformer, etc., would make a polyphase 
installation for this small load unremunerative. 

The principal limitations imposed to safeguard the quality 
of the service are with respect to size of motor permitted on one 
side of a 3-wire system and the starting current permitted for 
various sizes. It is usual to forbid motors larger than f h.p. to 
be connected on one side of a 3-wire system. With regard to the 
starting current, it is preferable to state this in amperes rather 
than in multiple of rated current since the latter method would 
tend to favor an inefficient motor. Starting devices are usually 
required on motors of 5 h.p. and larger where the installation 
consists of a single motor of this size. I t is customary to require 
a power factor of not less than 80 per cent for full load condition 
of the motor. With low speed motors it is usual to change this 
requirement to 75 per cent. 

The above, of course, is designed to prevent serious fluctu
ations of lighting pressure when the motor is started and while 
it is in operation. A much larger fluctuation is permitted on 
motors which are started infrequently than on motors which 
must be started very often, such as for coffee mills, meat grinders, 
electric pianos, and the like. Such frequently started motors are 
often required to be wound for 220 volts when used on 3-wire 
systems, since the disturbing effect is then only one-fourth as 
great as at 110 volts. 

There is one other limitation or rather requirement which does 
not come under either of the two classes above mentioned and 
that is with respect to safety precautions in special cases. In 
this class comes the requirement now quite general for reverse 
phase relays and circuit breakers on elevator installations, cranes 
and the like. In general the Underwriters' rules cover this 
department quite fully. 

It is quite possible that practically all of the limitations placed 
on alternating-Current motors in order to prevent serious voltage 
fluctuations may be discontinued in the near future. This is 
conditional on the use of a device invented by Mr. E. O. Schweit
zer, of Chicago,, which will automatically and instantly 
compensate on a lighting circuit for the voltage drop caused by 
motors connected to the same circuit. A description of this 
device appeared in the Electrical Review of February 6, 1915, 
together with a diagram of connections and its application to 
lighting and motor load. 
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LOAD CONDITIONS AFFECTING THE SELECTION OF MOTORS 

Eric A. Lof: In many instances the economy of motor drive 
is not based so much on the saving in power as on the improved 
quality and the increased output of the manufactured product. 
These improvements have been made possible by a careful study 
of the load conditions of the different machines and by so select
ing the motors that their characteristics as well as capacity fully 
meet the load conditions involved. The use of recording instru
ments on motors temporarily installed permits the exact size 
of a motor required for the most efficient operation of any 
machine or group to be accurately predetermined. 

All machines should, of course, be run at their maximum 
economical speeds, and these speeds should be maintained under 
all conditions. This is a point often neglected, with the result 
that the output is in many instances seriously reduced. Certain 
products are, on the other hand, dependent on a varying speed 
for their quality, and care must be taken that the right motor 
is selected for such service. 

->j U— 1 Second 

100 Kw. per Space 

, > j 
Start End 

FIG. 4—DUTY CYCLE OF 20-INCH BAR MILL MOTOR 

The most ideal load condition would, of course, be that where 
the load was continuous and constant in value, and with no 
appreciable speed variation. Such cases are, however, strictly 
speaking, rarely if ever met in actual practise. The motor may 
be running continuously for weeks and even months, but the load 
usually varies more or less. Blowers, pumps, etc., are examples 
of a continuous and fairly constant load. Certain machines of 
this class require a high starting torque and if this is lot properly 
considered, the starting current may reach a value ^ 'hich would 
cause an excessive voltage drop, and this in turn wot Id seriously 
affect the starting torque, and the motor may not·be ε ble to start 
the load at all. 

The load conditions may also be of a variable nature, in which 
more or less definite cycles are repeated, while the motor is run
ning continuously. Such loads may be irregular in the extreme 
due to the intermittent character of the process, such as rolling 
mills, etc.; Fig. 4. For this class of service, flywheels or motors 
of large flywheel effect are generally used for overcoming the 
peak loads and thereby reduce the maximum generator and 
motor capacity required for widely fluctuating loads. In such 
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cases means must be provided for automatically retarding the 
motor speeds when the peak loads come on, since the available 
energy taken from the flywheel depends on the drop in speed. 
This is accomplished by selecting compound-wound direct-
current motors, high-slip or phase-wound induction motors, in 
which latter, resistance may be automatically inserted in the 
motor winding as the load comes on. 

On the other hand, the machinery to be driven may require 
a frequent starting and reversal with variable speed require
ments and sometimes excessive starting torque. Such con
ditions can readily be met by motor drive, but the operating 
cycle must be very carefully studied and a motor selected whose 
characteristics will meet the conditions of the load. 

An example of a rather complicated operating cycle is that 
met with in pipe threading machinery, the accompanying curve, 
Fig. 5, showing the duty cycle for such an operation. The motor 

FIG. 5—DUTY CYCLE OF PIPE THREADING MACHINE 

is started at a, and accelerated up to a speed of 600 rev. 
per min., after which the facing operation for the threading 
begins. This operation terminates at point c when the motor 
is speeded up by means of a field relay to its highest speed of 
1200 rev. per min., and the rounding operation begins at 
point d and ends at e. Then the field is strengthened and the 
speed reduced to 400 rev. per min. for the threading, 
this operation from f to g requiring the longest time and the 
lowest speed. At point g the motor is stopped by dynamic 
braking and the operation is repeated when a new pipe has been 
inserted. 

I t is of course, impossible to cover even a few of all the different 
conditions of load which are likely to be met in practise, and.the 
above will simply serve to illustrate in a very general way what 
may be expected and to point out the necessity of carefully 
analyzing each individual case as certain points always enter 
which very seldom make two installations alike. 
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REFRIGERATING MACHINERY 

Geo. H. Jones : There are one or two points in electric motor 
application that I should like to emphasize. The first, in con
nection with the type of motor selected when variable speed 
operation is required on direct current circuits. We find many 
of the leading architects of the country seem to persist in speci
fying armature control motors for this class of work. I refer 
particularly to motor driven ventilating fans and refrigerating 
machinery. At certain seasons of the year it is desirable to 
operate these motors at considerably less than full speed, but 
this results in a very large loss in armature resistance. Field 
control motors should, of course, be used in this class of work, 
and a great deal of good can be accomplished if the American 
Institute will lay emphasis on this point. 

For a second item, I would like to call attention to a device 
developed by the Commonwealth Edison Co., Chicago, for 
the protection of electrically driven ice plants, against, first, 
motor burn-out if one phase of service becomes dead; second, 
against motor burn-out due to excessive overloads ; third, against 
choking of motors due to temporary lowering of line pressure 
and, fourth, against the equalization of pressure on the two sides 
of the system in case of a shut down of service supply. This is 
accomplished by means of an electrically operated clapper valve 
which closes automatically on the interruption of service supply. 

In addition to the above an emergency switch is provided at 
the entrance door to engine room, by which the entire service 
supply can be readily cut off, should this be rendered desirable 
in case of trouble. 

This equipment has been installed in a number of the ice plants 
in Chicago, and is considered by the owners to be very advan
tageous. 

SELECTION OF MOTORS FROM POINT OF VIEW OF FREQUENCY, 
VOLTAGE AND PHASES AND THE INFLUENCE OF VARIATION 

AND UNBALANCING OF SAME 

N. Currie, Jr.: The average buyer of motors has ordinarily 
little to say as to the frequency, voltage or phase of his motor 
applications. The central station supplies his district with lines 
of certain frequency and phase, and has established rules which 
govern the voltage to be used on certain sizes of motors, and 
which allow him to use any one phase of this system only under 
certain conditions. 

To the manufacturer or ^distributor of power, however, the 
question may arise as to what would be the voltage, frequency 
or phase of the power which would offer the cheapest distribution 
and. which would be of greatest convenience and satisfaction to 
the motor user. This problem would, therefore, be considered 
by the central station and the isolated plant owner assuming 
that the use of direct current had been eliminated from the 
problem. 
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In any case, this delivered power should be such that standard 
motors might be used if possible on account of lower costs and 
better deliveries and ease in securing supply parts. However, 
the majority of manufacturers have standardized a wide range 
of frequencies, voltages, and one, two and three phase motors 
so that usually the choice resolves into a selection from these 
standard lines. 

FREQUENCY 

As the speed of an a-c motor with shunt characteristics, (as 
distinguished from series characteristics) depends on the number 
of poles of the motor, the range of practical speeds, or more 
properly, the steps of practical speeds.which can be secured, 
increases with increase in frequency. For instance, the 25 cycle 
motor is ordinarily furnished in speeds of 500, 750 and 1500 
rev. per min., the 40 cycle motor in speeds of 600, 800, 
1200 and 2400 rev. per min., the 60 cycle motor in speeds 
of 600, 720, 900, 1200, 1800 and 3600 rev. per min. There
fore, from this standpoint the higher frequency motor is 
desirable, although as a rule the above objections to low 
frequency motors can be overcome by properly proportioned 
pulleys. However, the design of the high frequency motor has 
inherent limitations which make it more expensive and inferior 
in characteristics to the moderate frequency motor. Low fre
quency motors in addition to the limitations in speed steps, are 
also inherently more expensive from design standpoint. There
fore, motors of moderate frequency, i.e., 50 or 60 cycles, are 
preferable to the average customer both as to original cost and 
flexibility of speed steps and superiority in operating character
istics. 

PHASES 

Single-Phase vs. Polyphase. As has often been demonstrated, 
the three-wire general distribution system is superior to the single-
phase system, and to the four-wire, two phase system, both 
as to cost of copper and cost of installation. However, in cer
tain cases the total cost of installation of a single-phase section 
may prove cheaper than the three-wire system. 

The single-phase motor is in itself inherently larger and more 
expensive than the polyphase motor. However, where it is 
necessary to supply power for comparatively small loads, it may 
be found that the over-all cost of installation of the polyphase 
motor, with its transformers and three lines of secondary copper, 
etc., may exceed that of the single-phase motor with its single 
transformer and two lines of copper. Calculation will easily 
show the comparative costs for any given case. 

Two- vs. Three-Phase. The amount of copper required for a 
two phase, three wire, or for a three phase system is approxi
mately the same ; while the copper required for a four wire, two 
phase, 'is somewhat greater. Obviously, the installation cost 
of the four wire, two phase line, would be greater than that of 
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the three wire system. One of the greatest differences in the 
cost of installation of two or three phase lines would be the cost 
of the transformers; the three phase line requiring three trans
formers, and the two phase line, two transformers. 

The three phase line, however, offers one big advantage and 
that is the possibility of using multi-polar or multi-speed motors 
which give adjustable speed characteristics in speed steps 
depending on the number of poles. This is not possible on two 
phase motor. This objection may be overcome, however, by 
use of various types of adjustable speed motors which are now 
appearing on the market and which will give adjustable speed 
on one, two or three-phase lines. 

The installation of the three phase motor is slightly more 
simple than the two phase motor for the reason that the direction 
of rotation is the only consideration in connecting up the motor 
leads, while on the two phase motors not only must the phases 
be properly separated, but on three wire systems there is danger 
of applying high voltage across the motor windings with resulting 
burn-outs. This may seem a minor point but it will be actually 
found to be the cause of many burn-outs per year. 

While performance characteristics on two and three phase 
motors do not differ materially, they are, however, slightly in 
favor of the three-phase motor as to power factor and efficiency. 

VOLTAGE 

Transformer ratios make any motor voltage possible. A 
moderate voltage, i.e., 220 to 550, is preferable as a low voltage 
means larger secondary copper and a high voltage introduces 
insulation difficulties both in the distribution lines and in the 
motor itself. In the high voltage motor, repairs to windings 
are more difficult and installation difficulties and troubles due 
to break-down are increased. 

The high voltage motor is more expensive due to increased 
insulations and it often has characteristics inferior to the mod
erate voltage motor, due to sacrifice of active-material space to 
insulation space. The cost of motor starters or compensators 
with no-volt age or overload release features, is ordinarily higher 
for the high voltage equipment. 

This whole problem is largely influenced, however, by local 
conditions and the size of the motor, or motors, involved. 
I N F L U E N C E OF V A R I A T I O N AND UNBALANCING OF F R E Q U E N C I E S , 

VOLTAGES AND P H A S E S 

Standard motors are usually guaranteed by the manufacturer 
to operate satisfactorily on lines which vary a certain percentage 
in voltage and frequency from the nameplate stamping. The 
variation covered by this guarantee takes care of the variations 
ordinarily found in the power delivered to the motor. 

There are, however, certain changes in motor characteristics 
which occur, due to changes in frequency and voltage. If the 
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motor is properly laid out, that is, laid out so that it operates 
at best efficiency under normal conditions of voltage and fre
quency, when there is a change from these normal conditions 
there will be a loss in efficiency, unless there is a corresponding 
change in the other variable to restore original values. 

For instance, a drop in frequency means increased density of 
field, with lowered efficiency and increased heating. If, however, 
there is a corresponding drop in voltage, the motor will operate 
under normal density but with a decrease in output proportioned 
to the decrease in speed which follows the frequency. 

An illustration of this is the satisfactory application of, say, 
220 volt, 60 cycle motor to 200 volt, 50 cycle lines with 90 per 
cent rating. 

The ordinary slight unbalancing of voltages across phases has 
little effect on the operation of the motor. This unbalancing 
at the most is but a few per cent and although it may result in 
slightly excess current through one phase of the motor winding, 
any additional heating would be properly distributed and taken 
care of by the motor. There would be some loss in efficiency, 
but this would be slight. 

SUMMARY 

Motors of standard voltage, frequency and phase should be 
selected. They should be of moderate voltage and of moderate 
frequency. Polyphase motors should ordinarily be used but, 
single phase motors are preferable in certain cases. Three-phase 
motors have certain advantages over two-phase. 

Due to the liberality in the design of the average American 
motor, ordinary variations of voltage and frequency do not 
seriously affect motor operation or characteristics. 
ALTERNATING vs. DIRECT CURRENT FROM THE STANDPOINT OF 
OF THE SUB-CENTRAL STATION IN CONNECTION WITH SUPPLYING 

POWER TO MANUFACTURING INDUSTRIES 
S. D. Sprong: The first consideration is the demand of the 

largest single customer to be supplied, as this point decides the 
class which may roughly be defined as retail or wholesale; the 
former being within the scope of what is generally called dis
tribution and the latter falling into the class of transmission. 
There is another essential difference in this classification besides 
size of demand, which is, that transmission assumes no lighting 
(unless especially provided for) and therefore considerable 
latitude in regulation, whereas distribution is especially for the 
lighting customer and only permissible for the supply of power 
to those customers who keep the characteristics of their apparatus 
and the extent of sudden demand within such limits as to not 
materially affect regulation. 

I t is general practise in a-c. distribution to set the limit of 
capacity of one feeder somewhere between 400 and 800 kw., 
which limitation automatically defines the line between the 
largest customer that may be taken on the distribution system 
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and the point where, for larger demands, they must be supplied 
as transmission customers. There are very evident advantages 
in carrying the feeder load limit rather high, but there are also 
numerous disadvantages which, while not so evident are at the 
same time of equal or often greater importance. Some of the 
advantages of large feeder capacity are less unit cost in switch
board and regulating equipment; less pole or duct space oc
cupied ; a higher limit as to the maximum single customer that 
can be supplied, and a somewhat wider diversity factor as 
between ^classes of power business and therefore regulation. 
Among the disadvantages are the wider area of territory covered 
and, therefore, dependent upon one feeder in case of interruption; 
the longer runs of primary mains from the center of distribution 
which influence regulation because of the impossibility of regu
lating primary mains individually; therefore, they must be 
correspondingly large so as to reduce to a very low limit the 
voltage losses at maximum load. The requirements of regulation 
is somewhat dependent on the character of territory served but 
a strong tendency in the industry as a whole is toward closer 
regulation, due partly to the character of services and devices 
supplied from the system, and the growth of the section both 
in extent and character. 

Generally speaking, it is desirable to limit the size of the maxi
mum of a single customer on a feeder to 50 per cent of the feeder 
load. While this is an arbitrary figure and therefore there must 
be exceptions, it is a convenient one in practise principally 
because customers of the larger capacities sometimes require 
reserve service from another feeder; consequently if the indi
vidual demand much exceeds half the feeder capacity and it is 
found necessary to throw it on a reserve feeder which is already 
carrying probably three quarter load, it would be incapable of 
carrying a larger percentage of extra demand than that given. 
One of the exceptions to this rule, applied where it is impracticable 
to give direct transmission service, is to run a number of duplicate 
feeders of standard size to the particular customer. Standard 
equipment is used and at the same time insuring continuity of 
service to nearly full capacity because of the multiple feeders. 

Considering briefly some of the principal systems of primary 
a-c. distribution that are in general use; there are the three wire 
two phase, the four wire two phase, the three wire three phase 
and the four wire three phase. With the exception of the three 
wire three phase which has special difficulties in independent 
phase regulation and is nearly obsolete, the other three systems 
have demonstrated their practicability and are in wide general use. 

Where conditions, due either to radical changes to be made 
in the method of distribution or the development of new districts, 
permit of free choice of systems, it would seem that for a given 
potential between lines, the four wire two phase should give all-
around satisfaction. I t has the advantage of simplicity, com
plete independence of its phases and therefore no difficulty in 
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independent phase regulation, greater facility for keeping phase 
balance as there are but two phases to be considered, and par
ticularly in large lighting installations the load needs to be 
divided into but two parts. The three wire two phase system 
is essentially a single phase system so far as the lighting load is 
concerned. In the case of the four wire three phase there is the 
problem of maintaining approximate division of load between 
the three phases which in large lighting installations is more 
difficult, and the further objection that the integrity of three 
otherwise independent single phases are all dependent on one 
(the center) conductor. 

In a few systems, it is general practise to install independent 
lighting and power transformers; this custom having probably 
developed from the difficulty of controlling either the size, due 
to the limitations of what the manufacturers offered, or, charac
teristics of the motors, especially for elevators. While this 
arrangement has certain advantages such as permitting a wider 
latitude in the requirements in motor specifications and other 
power consuming devices, it is on the whole questionable whether 
it is justified. It is speaking relatively, just as important to have 
as high a load factor on the distributing transformers as on any 
other part of the system. With combined light and power loads 
the average transformer load factor probably is not better than 
12 per cent to 15 per cent, therefore, it will be seen how important 
it is that nothing be done to still further reduce this figure which 
will be the result where lighting and power loads are carried on 
independent transformers. I t seems much better general 
practise to keep both kinds of load on the same secondary sys
tem, making the latter a heavy network where practicable and 
so limiting the size and character of motor installations as to not 
seriously interfere with regulation. In most systems there is 
a large field for improvement along the lines just referred to, 
that of increasing the load factor on transformers and at the same 
time the general service conditions of regulation, continuity, etc., 
by the substitution of fewer and larger transformers inter
connected by heavy network and protected in turn against 
general shutdown due to transformer failures by suitable devices. 
• Considering the problems of supply of power from the trans
mission system, these are generally of a more or less special 
character and therefore no particular set of conditions can be 
taken as typical. One consideration usually applies to all, and 
that is, not to lead the customer to expect, nor permit him to 
so design his own installation as to require retail regulation 
from a wholesale service. This class of customer does not al
ways appreciate that there is such a distinction between a large 
and small service, and its lack of consideration at the time the 
contract is negotiated may some time later bring up troublesome 
problems of voltage or speed regulation. 

On the problem of supplying power from a d-c. system, there 
is not so much to be said nor so many debatable questions to be 
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considered. I t may be assumed that where a new territory is 
expected to develop a relatively scattered industrial load a 
d-c. system would not be selected also that where certain dis
tricts in an already built up territory develop heavy industrial 
demands, a second system especially for miscellaneous power 
distribution would not be installed. For it is safe to say that 
any district which orginally justified an underground d-c. system 
would have been of such a promising character financially that 
the unexpected development of unusual industrial demands could 
readily be met by additions to the existing equipment. Experi
ence in the d-c. areas of the larger cities have fully demonstrated 
that any demands within their territory can be properly met 
from the direct current system, with the occasional exception 
of special processes or the unusual demands that far exceed the 
practical limits of either the d-c. or a-c. distribution systems, 
and which naturally fall into the class of transmission customers. 

From an engineering point of view, there is practically no 
limit to the amount of power that can be commercially taken 
care of by the d-c. system ; but as a practical matter, the questions 
of unusual demand generally answer themselves by the instal
lation of a local substation on the property where the require
ments exceed 1000 to 2000 kw. A customer requiring such large 
power supply for industrial purposes is at the same time provided 
with an engineering force that can properly care for and operate 
the necessary substation equipment, thus avoiding the con
gestion of subways in the vicinity of the property which would 
result from taking so much power at the usual three wire distribu
tion voltage. 

To sum up, it appears that a broad analysis of the particular 
problem to be met will evolve its own general answer, but still 
with sufficient latitude as to require the application of sound 
judgment and the knowledge gathered from actual experience. 

T H E FACTORS INVOLVED IN MOTOR APPLICATION FROM THE 
STANDPOINT OF CENTRAL STATION COMPANIES 

R. M. Wilson: The chief factors in which the central sta
tion companies are directly interested in supplying service to 
motors are as follows 

Starting current and starting conditions, 
Power factor of the load, 
Fluctuations of load, 
Size of units, 
Starting devices, 
Type and voltage of motor, and 
Hours of service. 
It is necessary to limit the starting current taken by motors 

as protection to the station equipment and to the service of 
other customers supplied from the same circuit. Where the 
starting current is excessive it follows that service of other 
customers on the line will be seriously affected, which, besides 
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causing a good deal of trouble, in the way of fuses blowing out, 
strain on transformer, etc., necessarily means that continual 
complaints will be received from customers, due to annoyance 
and interference with their business owing to frequent stopping 
of their motors caused by heavy drop on the line. Conditions 
of this kind would naturally be a bad advertisement for a central 
station company and very often might lead to the losing of a 
considerable amount of good business by customers so affected. 
The demand on central station oil circuit breakers and other 
equipment is of course seriously affected in the case of troubles 
due to heavy starting current of more or less large power users. 

Coupled with the starting current can also be included the 
class of service, that is to say, whether the load is a fluctuating 
one or a fairly steady one. Motors which are starting and 
stopping frequently and motors having a fluctuating load are 
undesirable from the point of view that excessive amount of in
vestment in lines and transformer capacity are required to 
minimize conditions of this kind, and to protect, as far as pos
sible, the service of other customers supplied from the same 
mains. The above conditions are more pronounced, and there
fore more serious, the larger the units. 

The question of power factor is of importance in connection 
with the drop and line losses and relatively higher capital ex
penditure if the power factor is low. 

Where a system comprises a large percentage of power busi
ness with low power factor, due to unrestricted conditions of 
the customers equipment in this respect, it even becomes neces
sary to install synchronous converters to raise the power factor 
of the system as a whole. 

Motors of the squirrel cage type give a lot of trouble to 
central station companies, due to the relatively high starting 
current taken, particularly if the units be large. Wire wound 
rotors are very much more preferable in motors of more or ess 
large capacity from central station point of view. 

The size of units is of importance, inasmuch as the question 
of capital investment to supply service to them is of course 
involved. Where motors exceed a certain size, and depending 
on their relative location to the nearest substation,^ it becomes 
necessary to provide special circuits for the sole supply of such 
service. The size of the units prohibits the load being taken 
on the nearest available feeders. The benefit of diversity factor 
of load which is obtained where feeders supply a number of cus
tomers with relatively small size motors is less in such cases. 
The capital investment then has to be all charged against that 
particular service which it supplies. The question of voltage 
of the supply feeder has to be considered in these cases, and the 
economical point of the line investment is the governing feature 
as to whether such service is to be supplied at the usual distri
bution voltage of 2200; or higher voltages, usually not exceed
ing 13,000 volts. There are exceptions, of course, in the case of 
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very large blocks of power which are sometimes tapped directly 
off high-tension transmission lines when available. It is in
advisable on general principles to go beyond the 2200 volt limit 
in city distribution, unless the expense of this voltage would 
be absolutely prohibitive. In outlying territory and suburban 
districts where the amount of load to be provided for involves 
special provision, it is usually more economical to supply at 
13,000 volts. 

The question of the voltage of motors, themselves, is largely 
governed by the size of the units. On some systems the stand
ard voltage for polyphase motors is 550 volts. For units of 100 
h.p. and over it is found more economical to endeavor to have 
the motors wound for 2200 volts. Where the number and size 
of transformers required for a motor load are such that their 
installation on poles is difficult, a fireproof transformer house 
with oil circuit breakers and disconnecting switches mounted 
on marble panels becomes necessary. This is an item of ex
pense which has to be considered in contract price for the supply 
of power. 

Another feature in the question of rates for power in more or 
less large blocks, particularly where the service is of consider
able importance, is that of having a standby service available 
so that two sources of supply are provided from two separate 
circuits. Where the load warrants this and where the expense 
is not prohibitive it is a good policy to adopt such service, inas
much as the continuity of service to a large installation of this 
nature is not only imperative to the customers and to the ful
fillment of the contract, but is probably the best advertisement 
that a central station company could have. Where service is 
supplied from high tension lines, that is to say from 5000 volts 
upwards, a double service of this nature is practically imperative, 
inasmuch as the necessity for line repairs and other work to be 
carried out necessitates the shutting down of a line. This is 
difficult of accomplishment without two services, as it is en
tirely likely that it cannot be arranged to interrupt the service 
of large power customers for sufficient length of time to carry-
out the work. 

In supply of large blocks of power it is usual to endeavor to 
supply some on a limited service basis. That is to say that 
the whole or a certain percentage of the load will be off during 
peak load period, say from 4.30 to 6 p.m. during the period from 
Nov. 15th to March 1st. The advantages of special circuits 
to installations served on limited service basis on more or less 
large blocks of power are obvious as a check on the fulfillment 
of contract conditions in this respect. 

Considerable trouble has been experienced with motors oper
ating a certain class of service, for example, motors operating 
refrigerating machines, air compressors, pumping with auto
matic starting devices, etc. 

In two instances where motors were driving refrigerating 
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machines, a serious disturbance occurred on the system from 
pulsating, causing the lights to flicker. I t was found that this 
flickering took place more particularly on a certain step of the 
controller. Ultimately it was necessary to provide additional 
special resistances to overcome the difficulty. The apparent 
cause of the rapid fluctuation noticeable on the lights supplied 
from the same feeder circuit was difficult to determine, but 
seemingly was due to something peculiar to this type of appa
ratus. The effect was as .if the motor tended to reverse at cer
tain periods of the stroke of the compressor or refrigerator ma
chine. 

Difficulties experienced with motors driving automatic pumps 
are frequently met with, particularly where the motors are 
of fairly large size, and, of course, the resultant effect on the 
distribution system is intensified the longer the feeder circuit. 
Even by greatly increasing the capacity of the line at consider
able expense it is often found difficult, in fact practically im
possible, to overcome disturbing effect caused by service of this 
kind. 

Where a large amount of power service is supplied from an 
extensive overhead system, which is perhaps feeding from 
several generating stations, and particularly where distribution 
circuits are subject to transfer from one source of supply to an
other in the course of load despatching; it is most advisable to 
endeavor to have customers' motors equipped with no voltage 
and overload releases. Otherwise the blowing of fuses, and 
sometimes the burning out of the customers' motors, is a 
frequent occurrence. 

I t is most advisable to insist on having starting compensators 
on all motors of 5 h.p. and larger. 

It is not advisable to have single-phase motors connected 
to the lighting circuits in larger sizes than 5 h.p. It is not ad
visable on account of the capital expenditure involved in the 
furnishing of transformers, etc., to contract for supplying poly
phase motors less than 5 h.p. 

It is difficult to insist on and obtain all the conditions 
that one would like from the central station point of view when 
contracting for supply of power to customer. This is particu
larly the case where there is competition for such service, yet 
it is essential for successful operation that central station com
panies should insist on certain conditions being observed. It is 
advisable where competition is to be met that for their own 
protection, central station companies supplying service in the 
same locality arrive at an understanding of these conditions 
between themselves, and insist on them when securing power 
business. 

It is advisable that the special conditions, features and regu
lations which central station companies desire be embodied in 
the contract made with the power user and be specifically covered 
by clauses of such contract. 
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Clauses in contracts for power should cover power factor which 
the company desires; the starting current of the motors; the 
conditions of operation, as affecting the company's system, both 
as to the frequent starting and stopping of motors and fluctuation 
of load; the voltage of motors, depending on the size; the type 
of motor, whether squirrel-cage or wire-wound, depending on 
size; the provision for transformer house to be built by the 
customer where such is needed, and the protective devices, 
starting devices, relays, etc., which may be deemed advisable. 

The power factor of individual motors or the power factor 
of the aggregate load should never fall below 80 per cent and on 
larger units should be higher in proportion, commonly reaching 
92 per cent. 

Where the power factor falls below that specified in the con
tract, power should be charged for pro rata on a power factor 
basis. 

The starting current of the motor should be limited to 2J^ 
times full load current of the motor. Motors of 100 h.p. and 
over should be of the wound rotor type and should operate at 
2200 volts. 

Services from which disturbance on the system may be 
expected, such as automatic pumps, air compressors, refrigerators, 
rolling mills, cranes, etc., should be covered by special clauses, 
so as to limit the disturbance, and to call for special devices or 
method of operation to ensure this end. It is preferable to lose 
the business rather than to contract for a service that will in
troduce a disturbance on the system, which will make the service 
to other customers unsatisfactory and from which continued 
complaints might be expected. 


